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NOTE. 

This bulletin is a special Slate edition (750 copiea) of Bulletin No. 294 of the United 
States Geological Survey ancl is published in the series of the Wisconsin Geological 
and Natural History Survey through the i^urtesy of the Director of the United States 
Survey. This is in accordance with the plan of cooperation between the two organ- 
izations, whereby the State undertook to luake the detailed sun-eys and the National 
Survey to discuss the general features of the ore deposits. The bulletin is comple- 
mentary to the Report on the Lead and Zinc Deposits of Wisconsin, with an atlas of 
detailed maps, by Ulysses Sherman Grant, published as Bulletin XIV of the VViscon- 
sin Survey, and the two should be used together. In printing this State edition cer- 
tain plates have been omitted as noted below: 

Plate IX. Omitted, see Hazel Oreen-Benton alias sheet |No, XII) ol Bull. Xiv[ Win. »eo], Nat. 
H Let. Survey. ' 

Plate XI. Omilled, See Platievllle alias sheet (No. X) of Bull. XIV, Wis. Geo!. Nat. Hist. Burvey. 

Plate XII. Omllled. Bee MifHin atlas sheet (No. VIII J of Bull. XIV. Wis. Qeol. Nat. HiaLSuivey. 

Plaik. XIH. Omllfed, See Mineral Point atlaa sheet |Na VI) ot Bull. XIV. Wis. Geol. Nat. Hiat. 
Survey. 

Plate XIV. Omitted. See Highland alias aheel (Mo. II) o( Bull. XIV. Wlx.Geol. Nat. Hlst.Suney. 

Pute XV. Omlttea, Bee Poloal atlaa sheet (No. XVIII) of Bull. XIV, Wis. Oeol. Nat. Hlsl.SuiTey. 
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ZINC AND LEAD DEPOSITS OF THE UPPER 
MISSISSIPPI VALLEY. 



By H. FoBTBE Bain. 



INTRODUCTION. 
LOCATION AND AREA. 

The zinc and lead mines of the upper Mississippi Valley are in the southwest portion 
of Wiscouain and in adjacent parts of Illinois and Iowa. The boundaries of the region are 
in part indefinite, since sporadic occurrences of the minerals are found out^de the mining 
region proper. It is usual to define the area as including Grant, Lafayette, and Iowa 
counties in Wisconsin, Jo Daviess County in IlUntiia, and an irre'guUr narrow belt of terri- 
tory in Clayton and Dubuque counties paralleling the Miaaissippi River in Iowa. In this 
report a slightly smaller u«a is discussed, the region being limited on the cast by the 
meridian of 90° west longitude. East of this meridian there are a few scattered pros- 
pects, but comparatively tittle mining has been done in recent years in the area beyond 
the boundary indicated, so that it is sufficiently accurate for present purposes. 

The location and limits and general geology of this area are shown on Pis. I and II. 
The rc^on is rudely triangular and has a maximum extent of 80 miles from north to 
south and of 60 miles from east to west, and comprises about 2,500 square miles. 

Not all the territory outlined is mineral bearing. Within its limifa there are broad 
areas which, so far as known, are entirely barren, and the mines are clustered around 
certain centers or in certain districts, between which are stretches of nonmetaBiferous 
territory. This grouping of the mines in districts is very pronounced and. has been rec- 
ognized since the earliest development of the region. Certain districts are not sharply 
deiined, and more or less mining connects one with another, as in the case of ihe Hazel 
Green and Benton districts. In general, however, prospecting for more than a century 
has failed to develop any ore in the territory between the several groups of mines. In 
this report the following districts will be recognized: Dubuque, Galena, Sand Prairie, 
Rlizabethtown, Hazel Green-Benton, Shullsburg, Meekera Grove, Flatteville, Mifflin, Lin- 
den, Mineral Point, Dodgeville, Highland, Lancaster, and Potosi. Not all of these are 
equally well defined, and as a matter of practical convenience certain outlying mines wiU 
be taken up in connection with the nearest defined district. The prospects in the Pr^rie 
du Chien formation will be discussed separately. Pairplav Darhngton Calamine and 
several other of the older districts had no active mines a( the time the aurvey was made 
though mining has since been resumed in them at several places 

The district is a rolling agricultural country, with a deep fertile sod The farms are 
large and well improved, and the numerous towns and villages are neat and a 
Waterworks, electric lights, and telephone service are found m nearl> aU of t 
Dubuque, Galena, Platteville, and Mineral Point are the leadmg cities The distnc 

1 
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, 2 ZINC AND LEAD IN UPPER MISSISSIPPI VALLEY. 

within 150 miles of Chiciigo and 300 miles of St. Louis and is well served by railways. 
The Chicago and Northwestern, the Cbicaeo. Milwaukee and St. Paul, and the Mineral 
Point and Northern reach the eampa at present most active. The Illinois Central afTords 
a direct line to the smelters near La Salle, while the Chicago, Burlington and Quincy 
alTords a direct line to St. Louis. The Chicago Great Western serves the mines at EiizS' 
beth, III., and Durango and Dubuque, Iowa 

So far there are not many branch tines to the mines, though a few have been built in 
the Hazel Oreen-Benton district. In general, coal and supplies must be hauled to the 
plants by w^on at a cost of 40 cents to $2 a ton, and the ore must also stand a wagon 
haul to the cam. 

An electric railway line connecting the various camps is projected and probably will 
be built. 

HISTORICAL SKETCH. 

The presence of important ore deposits in the upper Mississippi Valley early attracted 
attention to this region The ease of travel along the Mississippi perraitted ite rapid 
exploration, and long before there was any regular settlement within its limits lead had 
become a regular article of commerce It is improbable that the Indians knew anjdhing 
of the smelting of lead ores or the use of lead until they were taught by the French. Since, 
however, French exploration of the region began with Nicolet's voyage of 1634, and the 
occurrence of lead ores was reported aa early as 1658, there is no improbability in the 
statement that as early as 1690" lead was purchased from the Indians by traders at 
Peoria. Yet it was a hundred years before white men settled in the region and took up 
regular mining. The history of these and the years immediately following has been sum- 
marized by Mr. Reuben G. Thwaites,(> while Dr. 0. Q. Libby, assisted by F. Belle Stanton, 
Bernard M. Palmer, and AUard J, Smith, c has made a social and economic study of the 
lead re^on, based especially upon the history of the first half of the nineteenth century. 
To these sources in particular the reader desiring fuller historical details is referred. A 
brief statement only can be given here. 

In the eighteenth century the region was practically given up to Indians and traders. 
The presence of ore deposits was well reci^nized, and the location of the mines was shown 
(HI many'ot the maps, such as that of Hennepin (1687), of William de L'lsle (1703), and 
of Guettard (1752). , Lead was a regular article of commerce, purchased by traders at 
posts such as that of Nicholas Perrot, opposite the present site of Dubuque, and Le Gueur 
(1695), on an island farther up the river. These settlements were, however, essentially 
temporary, thoi^h M. le Guis in 1743 found eighteen or twenty mines in operation along 
Fever River, In 1799 a concession for mining was granted at St. Louis to Martin Miloney 
Duralde, who seems, however, to have taken no advantage of it. 

The first serious attempt made by whit«men to settle in the region for the purpose of 
minin^ves that of Dubuque. According to Schoolcraft ,<! to whom we are indebted for 
the Rrst published account of the Dubuque mines, the discovery of lead at this point was 
made by the Indians themselves, as he states in the following paragraph ; 

In 17808 (liwovery of lead ore was made upon tbetrlaodsby tbe wile of Peoata, a warrleroJ the Kettle 
Chlet'n village, and extensive mines have since been discovert, Tbesc were granted by the Indians to 
Jullen Dubuque at a council held at Pralrtedu Chlen In 17SS, by virtue of which he settled upon the lands, 
erected hutldlnga and furnaces, and continued to work the mines until the year 1810. Tn the meantime 
(179fl) he received a ronfirmation of the Indian gnmt from the Baron de Carondelct. governor of 
Louisiana, In which they were designated the" Mines oJ Spain." 

Under Dubuque's r^me several mines were opiened, though it seems that no shafts were 
sunk. The ore was obtained by means of the hoe, shovel, crowbar, and pick from carelessly 
protected drifts. Good roads were, however, built to the furnaces, one of which was ere<^ed 

sSenate Doc, No, 87, 20th Cong,. 1st sess, 1S46, ~ 
t WlBCon^n Hist. Coll., vol.13, ISM, pp. 271-292, 
'Trans. Wisconsin Acad. Arts, Scl. and Letters, vol. 13, 1902, pp, 188-881. 

^,R.,Na^^atlveJoumalofT^aTelB, etc,. Albany, 1821, p. 348. 
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HISTORICAL SKETCH. 3 

near the mouth of Catfiah Creek, where Dubuque had his house in Kettle Chief's village. It 
is stated that up to recent yeara the sites of two of Duhuque'a furnaces were well known — one 
on Eagle Point avenue, near Heebs's brewery, and the other between Main street and the 
river. Hon. M. M. Ham has ^ven u a graphic account of Dubuque and of his life among 
the Indians. While Dubuque's con^^ession covered only certain lands west of the Mississippi, 
he seems to have also carried on considerable trade in ore mined by the Indians east of the 
river. e 

A visit to Dubuque was one of tlie objects of lieutenant (later General) Pike's expedition 
up the Mississippi in 1S05. He found M. Duhuque "poUte but evasive" and did not visit 
the mines, although there is an interesting statement, signed by Dubuque and Pike in 1805, 
in which it is declared that 20,000 to 40,000 pounds of lead were made per annum, that 
being a yield of 75 per cent. It is also stated Chat copper bad at that time been noticed, 
although no attempt had been made to reduce it. 

After Dubuque's death the Indians burred his house and fences and destroyed all traces 
of civilized hfe. They continued, however, to work the mines intermittently, selling the ore 
to certain Indian traders who had furnaces located on islands in the river. One of these 
was owned by George E. Jackson and was on the Illinois side of the river, about opposite the 
mouth of Cattish Creek. For a decade following Dubuque's death the mines seem to have 
been practically abandoned to the Indians. In 1810 Nicholas Boilvin, Indian agent, 
reported that they could produce about 400,000 pounds of metal. In 1815 about twenty 
rude furnaces were said to he in operation by the Indians in the vicinity of the present site 
of Galena alone. 

In 1819 the influx of white men into the region began with the establishment of Shulla- 
bui^ by Jesse W. ^ull, under military protection, and In 1823 Col. James Johnson began 
operations on a considerable scale at Galena. With the exception of the period of the 
Black Hawk war, settlement and development of the area proceeded rapidly from that time 
till 1850, when the discovery of gold in California and a series of other causes turned the ' 
tide of immigration farther west. 

Inlowasetttementwaaheldback till 1833, owing to delay in the extinguishment of Indian 
titleeand the determination of the GeneralGovemmentnottoreci^nize the title of Dubuque's 
heirs. In 1S30, under the leadership of J. L. Langworthy, and having previously obtained 
consent of the Indians and the Dubuque heirs, certain miners from Galena crossed the river 
and began work. It is said that the Langworthy crevice on Eagle Point avenue, still occa- 
sionally worked, was located at this time. The Government held, however, that the country 
was not yet open to settlement. Troops from Prairie du Chien drove out the miners and 
burned their cabins and for some years yet the Iowa mines were-worked by the Indians, 
Schoolcraft b in 1820 made a canoe voyage from Prairie du Chien to the present site of 
Dubuque, at that time known as the Eettle Chief's village. The main workings then seem 
to have been west of the river, although Schoolcraft enumerates, in addition to the Dubuque 
mines, the "Sissinaway mines" and the "Mine an Fevre," the former the prototype of the 
Wisconsin mines and the latter the earliest workings at Galena, What are known as the 
Durango diggings, then passed under the name of the Mine of Maquaniiuitons. School- 
craft's description, the first which we have of the mines of Dubuque proper, is as follows: 

The diBtriot Of country generally called Dubuque's lead mines emhraeeH an area of about 21 square 
leagues, commencing at tbe mount of the Little MaquaoquStona river, flO miles below Prairie du 
Chien, and extending along the west bank of the Mississippi 7 leagues in front by 3 In depth, 
.he principal mines are eituated on a tract of one square league, commencing Immediately at the 
Foi village ol the Kettle Chief and extending westward. This is the seat of the mming operations 
fonneriy carried on by Dubuque, and of what are called the Indian diggings. The ore found Is the 
common sulphuret of lead, with a broad foliated structure and hi^ metallic luster. It occurs massive ' 
and dlasemjmited, in a reddish loam, reettng upon Kmestoue rock, aDd sometimes is seen in email veins 
pervading the rock, but it has been chiefly explored in alluvial soil. It generally occurs in beds or vein* 
whichliaveno great width, and run in a eertain direction 30Q or 400 yards — thenoease, or are traced into 
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KHUc ctwlce In tlst rock, h«Tlnc the t^rpf^raaot ot » regular vein- At l^ti stage of UK poiwit moot of 
the dicEiuf luTe beon abAodoiied uxl inqueaQy vjlii miAj] reiiu of ore in yiew- No putru ia found 
wltli Uie ore wbid ig dug out of tlie aUuviaJ aoil, but it isciir«]0|>«d by UX' Dkkri etrth, md the lumps of 
ore sn iDcnined by WD oubepxu sirtli. OovatloiuiiJy. boverrr. aonw piem of alcanont qar uc 
Uiruvn out of tbe earth In dif^n^ after taad- and I pk-ked up a solitary epei-aDBi oi Uie trBniftaivit snl- 
I^iate of barytes, tHittheacsubstaaoes appear to be very rare- There is nooe of Uie isdiaCed quartK- or 
irbite, opaque, iKsvy spar, vhicfa is w tominau at Uie Mleaouri miDetL. Tbe calmeoUE tort upon wbidi 
Hiia olluvlai lorttutjon, uootalning: k»d on, rvBti, appears to be referable to Ibe transiiinn i^asa. I 
baveoot aac^rtaJfifld its particular exteftt about themtes. Tbe ■ame formatiou is seen, orerlain by s 
diatipct stratum of (t>iupact iimefftoDe, eootaiuing aumerous petiifactioua. at several places between 
tbe mines and Prairtedu Cbleo. Tbeksdore at tbeseoiineB Is now en^uttvcly dug by tbe Fox Indians 
and, as la usual among savagt tribes, the diief labor devotves upon the wnnai. Tbe old and siqiersnmi- 
at«d mfVJ also parta^ke in these labors, but the warriors and young men bokl themselves above it- Tbey 
employ tbe hoc, shoi'eJ, pickax, and erov-bar, in taking up tbe ore- These things are supplied by 
the Iiaders, but no sbalu are sunk, not evco of tbe eimplecl kind, and the •rlndls.HH and buckets are 
unlLnovn among tbem. Tbey run drifts Into tbe biHs no tar a> tbey can oonvoiientty go ultbout tbe 
use ot gunpowder, and if a tiaicb caves Id it is abandoned. They always dig down «t such an angle tbat 
tbey walk in and out of the pits, aitd I deoeauled into oite of these which had probably been carried 
down for 40 feet. Alltbia is Ibefforkof tbe Indian women and old meo. who discover a degree of perse- 
verance andiodustry whicblsdeserTlDg of DomioendatinD. Wbenaquaniityof orrtivbamgottiTiout 
it la tarried in baskets by the women to the banka of tbe MisslBSippi, and then ferried over in anoea to 
the iaiand, where it la pun^iased by the traders at Ihe rate of 12 for 120 pounds, payable in p^oods. At 
the profits at wUdi these are uaually sold II may be presumed to cost tbe traderri 7b cents to II, ca^ 
value, pet bui>dr*d weight. The traders amdt the ore upon the lulaad, in furnaces of the same eon- 
■truetlOD used at tbe kad mines of Uisnuri. ntd ob*er\-e that it yields tbe same per cent ol metallic lead. 
Formerly tbe Indians were in tbe habit of smelting their ore thems^ves, upon log heaps, by which a 
great portion was converted Into what are called lead asbea and thus lost. Now the traders induce 
tbem to Mareb about the sites of tbe ancient flres, and carefully colleot the lead asbea, tor which tbey 
rA^lvefl per bushel delivered at the island, payable in merehandise- 

Dr. A. G. Leonard liaa siimnuuued 

At tbe close of the Black Hawk war tbe large tract known as the Black Hawk pacehase. Including 
ooe-tblrdof the present area of Iowa, wasceded to tbe United States by the Escsand Foiea. After the 
completion of the treaty negotiations tbe minere again crossed over into Ihe coveted region, where thev 
iHJiltcablDaandcammeaced to takeout much ore. But a second lime they weie forced (o leave because 
tbe treaty had not been ratUled. In June, 1833. the treaty went into eOect and the way was at length 
dear for seltlere to Uke pomeasion of the land. During the rwxt lew years large numbers Hocked in: 
prospecting wasactiyely carried on and many mines were aooo lu operation. 

Tbe flrat" legislation "In lows dated from IHSO. InJuneof tbat yearanumbcr of mhlemoet on tbe 
banks of the MlHlulppl and enacted regulations to govern them in their relatione to each other. One 
ol the articles was tbat "every man shall bold an yards square ol ground by working said ground one 
day in alx." Uucb other Interesting history clusters around these mines, but it Is foreign to our pur- 
pose tn go iDto that iihaae of the subject here. 

For a quarter ot a century the policy of goveraraent ownerahip of mines was tried. 
Under tict of Congresa of March 3, 1S07,'> the mineral lands of this district, as well as 68 sec- 
tions in southern Illinois and a few townships in northern Arkansas, were reserved from sale 
with the provision that they should be leased on an annual rental. In theGalenadistricttbe 
reserved holdings amoutil«dto345,Q00 acres; in Iowa to 1S4,320 acres and in Wisconsin to 
1 ,428,480 acres. No leases seern to have been ever granted m Arkaasaa. A few only, 
beginning with one in 1809 issued liy the governor of Indiana ncro granted b southern 
Illinois, but in the upper Mississippi Valley the system was earned out for some years. 
Thn lands were at first under charge ot the Treasury Department but in Iffil were trans- 
ferred to the War Department. A superindendent of mines with suitable assistants, was 
employed and a royalty of ono-aixth to one-tentb, payable in lead or cash, was exacted. 
The first lease at Galena was taken by Col. James Johnson in 1823, and in 1846, 2,093 leases 
had been granted, of which 518 were outstanding. The system early provoked opposition, 
und much friction ensued. Very few leases were ever taken in Iowa the local courts being 
decidedly antagonistic to the system. In 1846. when it was abolished, a total return of 

o Iowa Oeol. Survey, vol. 6, isoe, p. lU. * Laws U, S., vol. i, p. 137. 
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$145,174.40 had been reatized between 1841 and 1845, while it had cost S68,464.50a directly 
to collect the rents, and a considerable additiooal sum had been apent Iq htigation. It waa 
therefore decided to sell the lands. 

Preliminarj to this a survey was ordered in 1839 and placed in charge of that pioneer 
geol<^Bt, D. D. Owen, This surrey was in many partioulara unique. Owen began field 
work in September and, with the aid of a large number of asaiatanta, finished it before 
winter. A report, accompanied by maps, sections, figures, descriptions, and fossils was 
Huhmitted to the Land Office on A pril 2 following. This report was printed without illus- 
trations b \a June of the same year, and a revised edition, including the omitled plat«s, was 
printed in 1844. c In (his survey a large area, including the whole of the ritinii^ section, 
WW traversed township by towns hip,- and the character of the rocks was noted. In 1847 
Owen executed for the Treasury Department another surrey of the Chippewa land district 
and in his report on that region*' gives certain additional details regarding the lead and 

la the course of a gtill later survey be visited the region again, and In his weU-known 
quarto report he briefly discusses the geolc^cal formations present.' Owen was accord- 
ingly the first geologist of note who studied the region in detail, and his conclusions, based as 
the; were upon along and intimate acquaintance with it, are worthy of the utmost respect. 
It is curious to note, however, that he entirely overlooked the Maquoketa shale and con- 
fused the Galena and Niagara; and it can be readily believed that in this, as well as in his 
opiniooe respecting the deep-seated origin of the ore deposits, he was misled by the ideas 
then currently accepted. 

In 1854 J. D. Whitney published his Metallic Wealth of the United States./ Having 
made certain investigations in the region in the couise of private professional work, he gave 
a very accurate though brief account of tbe mines. His ideas were later elaborated in the 
course of his work tor the three States, Iowa, Wisconsin, and Illinois, for which he succes- 
sively studied the field. In his reports he covered the whole ground excellently, and it is 
no disparagement (o others to say that together they form the most complete account of the 
field yet published. Professor Whitney visited the region in the years of the maximum 
importance of the lead mines and his observations are accordingly particularly valuable. 
It was, however, after his work was finished that zinc became of value in the region. Indus- 
trial conditions have also largely changed, so that there is now roach of interest to be added 
to his report. 

Aside from Whitney and Owen, the best known of the earlier investigators in this region 
was J. G, Percival, who made a study of the lead re^ou for the Stale ol Wisconsin in 18-'>4 
and 1855, Accuracy of observation is everywhere characteristic of Percival's work, but his 
conclusions as to the origin of the ores and the best methods of working them seem to have 
been unfortunate.A Like Owen, he followed the current theory of the period. 

The later Wisconsin survey renewed the study of the region, and in the elaborate papersof 
Moses Strong ' and T. C, Chamberlin; we have the most detailed study of the r^ion 
extant, with, in the latter case, a notable addition to the discussion of the theoretic consid- 
erations involved. , 

About 1883 attention was again attracted to the soft-lead deposits of the Mississippi 
Valley, and a few years later the zinc ores of the region became properly appreciated. The 
most notable resultant contribution to the literature of the subject was the report on the lead 
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and zinc deposits of Misaouri by Window uxd Robertaon" publiahed in 1894. AJthou^ 
nominally devoted to the Missouri field the report covers praotically the whole subject, and 
contains very full notes on the upper mines, but nothing original concerning the latter field. 
The meeting of the International En^neering Congress at C^cago in 1893, and the reading 
there of Posepny's famous paper on the origin of ore deposits, led directly and indirectly to 
the publication of a number of papers in whirh the phenomena of the region are discussed. 
Among the more important of these and others of the same period are those of Poaepnyt, 
J^nney, r Blake,'' Winslow, ' Robertson, /Chamberlin,; and Roethe.A The organization of 
the Iowa Oeological Survey in 1892 and of the Wiscoiksin Geological and Natural History 
Survey in 1890 has permitted a rather thorough restudy uf the region. The pubUcations of 
these organizatoDs, as well as most of the other important geological papers on the regim, 
are listed chronologically in the following brief bibliograjAy, This was compiled origi- 
nally by Dr. U. S. Grant. A few additions only have been made to his list. 
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PRODUCTION. 
PAST PUmUOTlOM. 



It ia possible ki arrive at fairly accurate figures of the past production of the district as 
regards lead, but the total zinc production is much less accurately known. 



Strong gives the following eBtlmates of the lead production of the region;o 
Estimated lead ■production, by decades. 
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PRODUCTION. y 

For the decade 1S71 to 1881 the production may be estimated from vmious sourcese as 
amouDting to 49,00Q tona. After 1880 the production was very small, probably averaging 
leas than 1,000 tons a year up to 1900, at which time the recent revival in minit^ began. . 

If the production be estimated at 1,000 tons a year for the entire penud up to 1904, the 
result probably would not be far wrong. The total production would then be aa follows: 

Estimated lend prodaction, by periods. 



It is less easy to get at the value of this metal, but it will probably be safe to say that it 
sold for approximately 950,000,000, The maximum production, it may be noted, was 
between 1840 and 1850. In IS45 and again in 1847 more than 27,000 tons of lead were 
dipped. 

There was no market for zinc ore prior to .1860, In that year the La Salle smelter began 
to run, and in succeeding years the oxide furnaces at Mineral Point, Wja., the smelters at 
Wauk^an and Peru, 111., and at various points in Indiana were built, and sent buyers into 
the region. 

Strong'' has given detailed figuresof the production up to 1876. The total amounted to 
69.467 tons of carbonate and 57,728 tons of blende. The output of succeeding yeare is less 
accurately known, but from the best available data it has been roughly estimated that up to 
1904 approximately 425,000 tons of zinc ore had been sold.c In 1904 the output was esti- 
mated at 19,300 tona.d This estimate appears now to have been somewhat too low, and it 
will probably be conservative to estimate the total production up to 1905 at 450,000 tons, 
though no great accuracy can be claimed for this figure. 

The eariy prices paid for the ore were very low — S3 1o S8 for the carbonate and 14 to $12 

for the blende. In recent years the product has been entirely blende, which has sold for 

much better prices. Nevertheless, it is probable that up to 1905 the total zinc sales of the 

district had not greatly exceeded $10,000,000 in amount. 

FBEaEBT PRoouoTioir. 

The zinc production of the district is now rapidly increaamg, and for the year 190S 
approximated 33,000 tons. 

SEOEHT KmniO AUTIVITI. 

After the decline of the early lead-mining industry there was a period of forty years dur- 
ing which farming, transportation, and manufacturing absorbed almost the entire attention 
of the people of this re^on, A little mining was being carried on always, but the output 
was small and uncertain. Prices were low, experienced miners were scarce, the old leads 
had been worked down to water level, and no one knew exactly how to dress the blende- 
marcasite ores found below. 

Th& rise in the price of zinc ore of 1S99 again attracted attention to this region, and since 
1903, in particular, its development has been rapid. The following is a partial list of the 
mines in operation ewlj in 1906. Development has been so rapid recently that even this 
list is probably not complete. Many of these mines have been opened or equipped since the 
survey upon which this report is based was made. 

At Fhitteville; Enterprise mine and mill, equipped with roaster; Tr^o mine and mill, 
equipped with rooster; Empire mine and mill; St. Rose mine and mill; Klondike mine and 

oWlnslow. Arthur, Hlssouri Oral. Surv*;, vol. S, 1894, pp. 147-148. 
' Strong, Moses, Geol, WisicoBBln, vol. 2, 1877, p, 742-743. 
' Bull. P. S. Oeol. Survey No. 2«, 1B05, p. 13. 
Bull. U. B. Oeol. Survey No. 280, 19>H, p, 306. 
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mill; Uibernia oiine nnd mill; Graham and Stovenii min« und tnill; KuiidleUiwii iiune and 
mill; Red Dog mine and itiili; Great Northern mine; Eclipse mine and Black Hawk mine: 
West Empire mine; Cudyn mine; Hodge mine; Morning Star mine; Grant County mine; 
Big Jack mine; Eohiaoor Blende mine; Klar PiquetC mine; 'Hppecanoe mine (not operat- 
ing); Edgerton mine; Whig mine; Delta mine; Acme mim; Badger mine. 

At Hazel Green: Hnzel Green mine and mill, equipped with roaster; Kennedy miDe and 
mill, equipped with roaster; Hoekin mine and mill, equipped with roaster; King Bee mine 
and mill; Scrabble Creek mine; Hilb mine; JefFeraon mine; Square Deal mine, milt, and 
roaster; Murphy mine; Sixteen mine; Kendall mine; Whitesiden mine; Mills Diggings, 
mill and roaster. 

At Buncombe: Kowlej mine, mill, and roaster; Northwestern minf and mill; Buncombe 
Hill mine; Big Dad mine. 

At Cube City: Doll mine, mill, and roaster; Baxter mine and mill; Roosevelt mine and 
mill; Wicklow mine and mill; Gritty Si;i mine and mill; Cook mine; Cuba City lead and 
Zinc mine; Midway mine; Jarrett mine; Board of Trade mine; Little DicJi mine; Anthony 
mine; Beacon Hill mine; Meekers Grove mine; Hungry Nigger mine. 

At Benton: Jadi of Diamonds mine (mill arranged for probably will be built in 1906) ; 
Century mine (mill arranged for probably will be built in 1906); Dawson mine, miU, and 
roaster; Benton Development Company's mine; OIlie Belle mine (mill to be erected); Fox 
Lead and Zinc Company; Frontier mine. 

At Ijvingston: Sunrise mine, mill, and roaster; Sunset mine, mill, and roaster;- Coker 
mine, mill, and roaster Ellsworth (or Coker) mine, mill, and roaster: La Pollette mine. 

At Rewey: Crescent mine. 

At Mifflin: Grunomine andmiil; StackmiQe(tnilI tol>einatalledin 1906); Peacock mine; 
Squirrel mine (mill to be installed); Independent mine. 

At Linden: Maaon mine and mill; Ross mine and mill; Trio mine (mill arranged for in 
1906); Glanville mine. 

At Mineral Point: Tripoli mine, mill, and roaster; Hazel Patch mine. 

At Dodge ville: Williams mine and mill. 

At Highland: Kennedy mine and mill; Highland mitie andjnill; Lewis mine and mill; 
Milwaukee-Highland mine (mill to be erected); Kent-Whitman mine. 

At Galena: Bluvett mine; Wafers mine; Stacey mine (sinking). 

At Elizabeth: Elizabeth roine and mill; Skene mine and mill. 

At Shullsbui^: Lucky Hit mine, mill, and roaster; Morrison mine, mill, and roaster; 
Helena mine, mill, and roaster. 

At CenterviUe: Red Jacket mine (mill to be installed). 

At Potoai: Cardiff mine; Kroag and Webster mine. 

At Buena Vista: Fitzpatrick mine. 

Some of these mines have been paying dividends at a rate of $5,000 or more a month for 
periods of more than a year on initial investments of $30,000 to $35,000. 

SCOPE OF THIS KEPORT, 

The present paper is primarily an account of the present condition of the district and a 
statement of ideas relating to the formation of the ores. It includes the results of observa- 
tions which b^an in 1899 and extended up to June, 1905. In 1899 and 1900 the writer, 
associated with Prof. Samuel Calvin, made a study of the geology and mining industry of 
Dubuque County tor the Iowa Geological Survey, The resulting report is frequently cited 
in these pages, but is also liberally quoted without specific citation. In 1903 the mines of 
Jo Daviess County, 111., were studied for the United States Geoli^cal Survey by the wril«r, 
with the assistance of Messrs. E. E. Ellis and A, F. Crider. A special report upon the area 
was prepared and published as a bulletin of the Survey," In 1904 the work was extended 
to cover the Wisconsin mines, and in 1905 the month of June was spent in revisiting the 

a Bain. H, F., Zinc atii Lead deposits of northweatern IlUnolB: Bull. U. S. Geol. Survey No. 216, 1905, 
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area and noting additional developments. In 1004 Mr. E. E. Ellis assisted in the work, 
particularly in making maps of various ininea and of a special area near Dubuque, In 1906 
MesaiB. E. F. Burdiard, A. W. Lewis, and J. R. Bannister also assisted while engaged in 
mappillg the Lancaster quadrangle and certain outlying portions of the Elkader and Rich- 
Ittad Center quadrangles. 

From 1903 to the present the writer has had the cimperation of Dr. U. S. Grant — at first 
n^ien the latter was utigaged in making detailed maps for the Wiaconain Geological and Nat^ 
ural History area, and later when he was also surveying the Mineral Point quadrangle for 
the United States Geological Survey. This cooperation has been close and constant, both 
in the field and office, and has been carried on under an informal agreement between the 
Wisconsia and the United States geolo^cal surveys. Doctor Grant devoted himself eepe- 
cially to the atratigraphic problems. He undertook the detailed mapping in the area, and 
has already published a bulletin giving the main results of the work, lliis is accompanied 
by an atlas of large-scale m^>s of the priacipal mining districta.a Portions of many of these 
mape are reproduced in this report. Doctor Grant and Mr. Burchard have also prepared a 
r^xHt upon the Lancaster-Mineral Point quadrangle for publication by the United States 
Geological Survey, and Mr. E. O. Ulrich has under way a complete study of the stratig- 
rajAy of the upper Mis»ssippi Valley. In the present bulletin, accordingly, the strati- 
graphic problejna are purposely slighted, and only such account ia given of the stratigraphy 
as seems necssaary to the understanding of the deposits. In preparing this account the 
writer has had the assistance of both Doctor Grant and Mr. Ulrich, and has freely used both 
published and unpublished material. He should, however, be held wholly responsible for 
the statements here made. 

llie very important relation of ore deposits to the structural basins of the region were 
woitedout by Doctor Grant and are fully illustrated in the State report aiready referred to. 
The remaining phases of the mode of occurrence and genesis of the ores were not discussed 
there, since, by agreement, that field was left open to the writer. Both the field and 
office work were, however, carried on in cooperation, and a large share of credit for what- 
ever is new in this report is due to Doctor Grant and the State survey. 

In the preparation of the report Mr. Arthur W. Lewis bos been <rf great assistance. He 
compiled the large map forming PI. II from the field notes, and made numerous calcula- 
tions and drawings. To Prof, C, R, Van Hise and T, C. Cbamberlin the writer is under 
much obligation for helpful suggestions and friendly criticisms in this as in other work. 

If it should seem that thin list of acknowled^nents is rather long, and that the citations 
and quotations in the body of the report are both long and numerous, jt should be remem- 
bered that this is an old and famous mining region, having many peculiarities, and one in 
whi<^ certain fundamental notions of ore deposits were first worked out. It has been the 
scene of labor of some of our keenest students of ore deposits, imd while the pleasure in 
studying the region has been great, the need of caution has been ever present. One man 
can do little toward solving the problems of such an area. It must be the work of many, 
and perhaps of years. The writer can only r^ret that so many questions must be left 
unsettled, and trusts that in spite of a certain inconclusiveness, of which he is well aware, 
this report may prove serviceable in the development of the region. 

TOPOGRAPHY. 



Tha lead and zinc deposits of the upper Mississippi Valley lie within the weD-tnown 
Driftless Area, The region seems exceedingly rugged when contrasted with the smooth, 
driftHwvered plains that surround it. There is a total relief of about 1,100 feet, the bot- 
tom lands of tfte Mississippi lying about GOO feet above the sea level, and the tops of the 

a Lead and zinc depoeltH nf Wisconaln, 
Nat. HlBt. Surv. No. U, eoon. «er.. No, B 
Dr. E. A. Birge, Director>a«ol. Nat. Hist 
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highest hilb* — Blue Mounds— rising a little uhovn tlio 1,700-foot i^ontour. The ifoniinant 
topc^raphic feature of the region is an upland plain lying nbout 900 fmt abovp the sea 
in the southern portion of the area and rising gently toward the north to 1,250 feet near 
H%hland. Below this plain the rivers have cut their vaUeys, while above it rise a number 
of detached hills, locally known as mounds, and a well-defined escarpment, which bounds 
it to the southeast and southwest. From the fact that this escarpment is made by the 
outcropping edge of hard chert and dolomite of Niagara age, it may fittingly be called 
the ^IiE^;ani escarpment. 

NIAGARA ESCARPMENT AND THE MOUNDS. 

The most striking and picturesque features of the landscape are the mounds and the 
frowning range of hills which hem in the district on the south. Viewed from the higher 
pcrtions of the city of Galena, the isolated mounds southeast of the city, with the high 
rampart beyond Smallpox Creek in die background, are very impressive (fig. 1). From 
Dubuque a similar view may be had to the southwest. From almost every point upon 
the great upland plain of the r^on either these encircling hills or some of the detached 




mounds may be seen. The Illinois portion of the area has not yet been covered b 
graphic mapping, so that the height of the escarpment is undetermined. Horseshoe 
Mound, the nearest outlying hill, rises 430 teet above the Burlington Railway station at 
Galena, or to an altitude of 1,030 feet, according to observations of the Mississippi River 
Coramiasion. Southwest of Dubuque the escarpment itself rises approximately 100 feet 
higher. 

Viewed in a large way, the escarpment has an abrupt slope facing the mining district 
and a long, gentle slope away from it. To the south and west this back slope descends 
so gradually as to escape attention, finally reaching the same altitude as the plain to the 
north which the escarpment overlooks. In Illinois the back slope, owing to the encroadi- 
ment of streams from the south, is not well defined. Apple River and its tributaries have 
cut back so vigorously that only a narrow ridge is left between its basin and that of Small- 
pox Creek, which lies to the north. Between Smallpox Creek and Fever River a series 
of disconnected mounds mark the position of an earlier and still more completely dissected 
escarpment front. 

Southeast of Smallpox Creek the escarpment shows in a somewhat irr^ular front, with 
the general trend paralleled by the stream. Southeast of the divide the ridge extends 
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in long, fingsr-like proceasBs between the various tributaries of Apple River, which lies 
7 to S miles away. The divide, thereJore, is symmetric, with a short and a long slope, 
the former fncing the plain and the latt«r correaponding to the general back slope an well 
defined in Iowa. These relations are shown on the geologic map (PL II), the area cov- 
ered hy the Niagara marking the position of the escarpment and the mounds. 

To the north the escarpment faces the uplaod plain upon which are scattered Table 
and SherriU mounds in Iowa; Horseshoe, Charles, and Scales mounds in Illinois, and 
KnsinaWa Mound, the Platte Mounds, Blue Mound, and otlter isolated hills in Wisconsin. 
The area occupied by the mounds is limited as compared with the total area of the plain. 
The distances between them are great and their diameters are small. Their tops rise to 
the level of the eacarpment, and a plane prujected from a crest of the latter and touching 
the top of the mounds wouldbe approximately even and would rise gently to the northeast. 

UPLAND. 

The plain above which these mounds rise is the most important physiographic feature 
of the re^on. It is well displayed at Galena, Dubuque, Platteville, and at various points 
as tar north as the Military Ric^, along which the La Crosse division of the Chicago and 
Northwestern Railway runs. From Montfort to Cuba the Galena line of the same railway 
traverses it. The mounds rise 200 feet or more above it, and the streams have cut into 
it for 200 to 300 feet. To the south it is underlain by the soft Maquoketa shale; to the 
north by Galena, Platteville, St. Peter, and lower njcks in succession. Near the escarp- 
ment fully half the thickness of the shale ia below this plane, and at Hazel Green only the 
thinnest remnant of the basal beds remains. Near Platteville almost the whole thickness 
at the Galena is present. At Highland more than half of it ia gone. The strata are bent 
up and down as much as a hundred feet in places, but the upper surface is planed smooth. 
It is therefore a nearly even plain of subaerial erosion, beveling the edges of both hard 
and soft strata — a peneplain to which Grant and Burchard propose to apply the local 
name Lancaster, The peneplain marks a period in geolo^c time when the region stood 
at a low elevation aufficientJy long tor the atreama to reduce almoat the whole area to this 
level. The mounds are monadnocks and represent interstream areaa which were not com- 
pletely reduced. 

The whole of the upland is drained. The streams form a networic covering every part 
of it and make up a normal dendritic drdnage system. 



The upland plain is everywhere interrupted by vaUejrs, and while in general it forms a 
nearly level surface, in detail it is made up of slopes facing the streams. The most impor- 
tant stream in the area is the Mississippi, ite major tributaries from the east being the 
Wisconsin River, which practically bounds the region to the north, Grant River, Platte 
Hiver, Menominee River, Sinsinawa River, Fever River, Smallpox Creek, and Apple River. 
On the west, Turkey River, Maquoketa River, Catfish Creek, and TSte de Mort River ate 
most important. * 

The Mississippi flows in a sharp-walled valley having a width slightly exceeding 1 mile at 
Dubuque, llie bottom land lies about 600 feet above sea level, and the walls rise abruptly 
to 750 or 800 feet. The size of the Mississippi Valley is, in this district, out of proportion to 
that of its main tributaries. Ite sharp walla are also exceptional. Between two long tribu- 
taries of one of the smaller streams the u^daud reaches out in a long finger-like promontory ; 
between two tributaries of the Mississippi there is, instead, a sharp canyon wall, as if there 
had existed promontories which later were truncated half or three-quarters of a mile back 
from the main streaOi. 

The valley, furthermore, reversing the normal habit lA rivers, beco.: _s narrower down the 
river and wider toward its source. This is shown in fig. 2, made from a tracing of the topo- 
graphic atlas sheets of the region. The width of the bottom land of both the main stream 
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and ctirtain uuiiuus tributaries is shown. It miiy bo uot^il tlint Upper I<iwa (Oneotu) River, 
Village Creek, the lowermost portion of Wisconsin Hiver, and Ma<|Uoketa River turn to the 
north before joining the main stream. They all have notably wide valleys in their lower 
courses. Certain other streams show this same tendency in a less maHced degree, and in addi' 
tion Maqu(*eta River and Catfish Creek no w jo J n the Mississippi through new valleys upatream , 
having deserted old, open valleys having the normal downstream course usual for tribu- 
tary valleys. It may further be noted that the northern portion of the river course is that 
which has the highest bluffs; it is the part of the river which has i^ut deepest into the old 
peneplain. In Allamakee County, Iowa, the hills rise higher than at any other point 
between St. Paul and the Gulf of Mexico. This portion of the river's couise therefore 
shows the .anomaly of increasing vertical cutting accompanied byincrea^ng valley widen- 
ing toward its source. 

It has been customary to explain these differences in valley width as mainly the result of 
the great difference in hardness between the sandstones and dolomites of the regicm, and 

X doubtless thU has been an imports ■ 
ant factor \ TOmparison, how- 
e\er of the topographic and the 
geologic map of the region (ails to 
show afc close a concordance be- 
tween the width of the valley and 
the character of the wall as the 
hypothesis would seem to demand. 
Such compansons are difficult be- 
cause of uncertainty of the depth of 
thelesa, that the hard Ckieota dolo- 
mite, which influences the width of 
the minor valleys very raaritedly, as 
shown by the detailed map of the 
Wisconsin Geological and Natural 
History Survey, finds no adequate 

expression in the Mississippi VaDev. 
Pig. a.-Skatch map ol Miseissippi River Valley iibovi- I'll- fL_ - u j t . 

biique, ahowinp pradiiaL narrowing toward ths south. Differences m hardness of strata 

also offer no explanation of the 
northward turning of the tributaries and of the truncated promontories. All these features 
are excellently shown on the Waukon, Elkador, Lancaster, and Peosta topographic atlas 
sheets of the United States Geological Survey. The narrowing of the valley to the south and 
the abnormal tribut-aries are perhaps connected with the periods of peneplanation and warping. 

Hershey," who first noted many of these peculiarities, has su^ested that the upper por- 
tion of the Mississippi was possibly in pre-Olacial times a northward-flowing stream and this 
suggestion has much to commend It. The river history of the area is, however, too little 
known as yet to warrant more than the su^estion of such explanations. The truncated 
promontories m^e it clear, none the leas, that the Mississippi River has had adifferent his- 
tory from that of the other rivers of the repon — a difference due to conditions existing in 
the Glacial epoch, by reason of which certain streams, of which class it is a notable example, 
heading outside of the Driftless Area, received during the melting of the ice huge volumes of 
water, while those within the area had only the normal flow. The first effect of this increased 
flow was to widen the valley as with a rasp. In this the floods acted much as glaciers do in 
changing a V-shaped to a U-^aped valley. The second effect, as the amount of water 
decreased, was to build up a flood plain or terrace by ^gregation. During both stages the 
lower reaches of the tributary streams rising within the district were ponded and silted up. 

It has been cotrm: m to assume that the area formerly stood at a somewhat higher level, 
and the depth of the valley filling near Dubuque has been cited to sustain this view. This 

"Hershey, O. H., The physiographic development of the upper MlMlaalppL Valley; Am. Geologist, 
vol. 20, ISBT, pp. 24»-26S. 
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inaltur IH iliKcussvd in uiniiectiuu nitli tlip desi'riptiiili of tlieQual^maiy depuHiU,but it 
may be noted in passing that the tributfiry streama show no such filled-in valleys wccept 
where backwater has laid down peculiar and easily discriniiuated deposits, and that the 
evidence from the main valley itself is possibly not above criticism. To the author the 
great volume of water temporarily carried by the Mississippi aeenia an ample a^at for pro- 
ducing both the deep valley by scour and the later filling by aggradation. 

The minor streams of the urea have broad, open valleys near their headwaters, where the 
slopes of the upland and the slopes of the valley mei^ in long, beautiful, convex curvea. In 
their lower portions they often liave canyon-like phasea and well-developed though narrow 
flood plains. The larger streams joining the Mississippi are mariced by a weU-defined aggra- 
dation terrace. The outer limits of this terrace along most of these streams are indicated 
on the geologic map, PI. II. 

AGE OF THE PENEPLAIN. 

The Lancaster peneplain has been described by KQnmnel" and Heishey b. KQmmel 
noted the meandering course of the principal rivers of the region and argued that they were 
superimposed streams. He interpreted the history of the period succeeding peueplanation 
as one of simple down cutting. Her^bey, who has most fully described and discussed the 
regioij,gave reasons for considering theLdJicasterpeneplainasof Tertiary age and correlated 
it with the Tenneaseean of McOee. According te his interpretation the teps of the mounds 
and the back skipe of the Niagara escarpment represent an older, probably Cretaceous, 
peneplain, here locally bowed up and dissected. In another paperf he notes and approves 
. the suggestion made by Frank Leverett that in central Illinois probably the Cretaceous and 
Tertiary peneplains coincide and correlates the Lafayette subcyclc of erosion, which fol- 
lowed the main Terijary period of peueplanation, with certain broad, shallow basin volleys 
that he had recognized in northwestern Illinois, in the bottom of which the present gorges of 
the Mississippi and other streams are cut. 

With these general conclusions the present writer'finda him^lf in complete harmony, 
though he is disposed to question the sepwation of the I^ayette cycle of eroaion from that 
of the Tertiary in general. The Lancaster peneplain seems clearly to have been developed 
in the last great period of erosion antedating the glaciers, and in the western interior thai 
period was the pod^ion of the Tertiary known as the Lafayette, 

In southern Illinois relations atrikingly similar to those in the upper Mississippi Valley 
have been studied. J The Lafayette ia there marked by a aeries of gravels made up mainly 
of cherts and residue materials, whicli in Pope County lap up on the edge of an old much-dis- 
sected upland. These gravels cover portions of Pope, Massac, and Pulaski cotmties and 
extend over a broken, dissected plain, up te a general attitude of 500 feet. This plain is 
bounded on the north by a southward-fronting escarpment of basal Pennsylvania rocks, 
comparable to the Niagara escarpment in northern Illinois. This is the south front of 
Karbers Ridge, which rises to on altitude of 800 to 850 feet and exhibits a long liack slope 
to the north, where there is a general plain underlain by soft Coal Measure rocks and having 
a general altitude of about 450 feet. The back slope has been shortened to the east by the 
work of Saline River, so that it is steep rather than gentle. Farther west, where the Illinoia 
Central Railroad crosses the territory, the conditions are very similar to those where the 
same road passes over the Niagara escarpment west of Dubuque. 

The gravels of southern Illinois are regarded as I^fayette, and traces of similar gravels 
bearing Tertiary fossils have been found in the Mississippi Valley nearly as far north aa 
the crossing of the present 500-foot contour. As noted above, the broad plain north of 
Karbers Ridge is slightly lower than that to the south. This difference may weU be due 
to differences in the hardness of the rocks. It might also be due to deformation accom- 
panying the northern tilting already referred to as having taken place since the develop- 

iHe^y.'o.U.'.'loc. clt. '" * , . , , pp. 

cHerahev, O, H,, Pre-aiocia] erosioD Fjcles innarthwestem lUinois: Am, Oeologiit, vol. 18, 1806, p. 72. 
1 Bom, H, F„ Fluorspar deposits o( IQlnols; Bull. i:. S. Gool. Survey No. 25S, ISOi, pp. 14-17. 
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iLient of (]ip penoplitin, but in the nbseiicti of lu^uratH tnpog;nip)ii(.'. mapH Uw. phpnn 
must for the present remain unexplained. 

The general plain north of Karbei^ Ridge continues, to all uppearancey, beneath the 
drift across the State and connects with the plain in the Driftless Area, and this inter- 
pretation is in accord with the general geologic history of the region, the peneplain of 
the north being correlated with Lafayette deposition in the south, while the gravels found 
along the Mississippi probably represent the maximum encroachment of the sea. 

Preceding this period of peneplanation there were apparently local uplifts or warpings 
of the plain in the Driftless Area and in southern Illinois. In Lafayette time, if the sug- 
gested correlation be correct, these uplift«d areas were dissected but not entirely cut away, 
Karbeis Ridge in the south and the mounds and Niagara escarpment in the north remain- 
ing as monadnocka. In the same period the great plains between the uplifted areas were 
merely slightly reduced, having been already reduced to a peneplain in Cretaceous or pos- 
sibly early Tertiary time. In poat-Lafayetl« time the whole area was uplifted, and the 
streams cut into the Lafayette plain the sharp channels which they now occupy. 

In £g. 3 these relations are illustrated diagrammatically. It will be seen that in cen- 
tral Illinois the older and younger peneplain coincide with the present rock surface. In 
the Driftless Area the older plain is warpod upward and is now preserved only in the back 
slope of the escarpment and the crest of the mounds, while the younger and more promi- 
nent one occupies the dissected area between. In southern Illinois the long spur crossing 
the State and coimected with the Ozarit upland shows similar conditions, the older pene- 
plain being preserved by Karbers Ridge and the younger by the general upland between 



— O^r pcnaplsin — Present surftce 

Fm. -1.— Diagram shnwiiiK relBtlnim nt present surtace to ancient peiiepl^n, 

it and the Ohio. That since the formation of the younger peneplain the region has been 
elevated as a unit rather than with local deformation Ls shown by tde close coincidence 
between the present river grade and the younger peneplain. The difference in elevation 
at the north from that at the south indioat«s that there has apparently been a admple 
progressive elevation to the north. 

GEOLOGY. 

GENERAI. STATEMENT. 

The geology of the upper Mississippi VaUey is relatively simple, and its main outlines 
have been' known sbce the eariy work of Owon,a Hall, 6 and Whitney.^ The region is 
one of unmetamorphosed, tittle disturbed, sedimentary rocks, of Paleozoic age, and there 
are no igneous rocks in it or recent ones near it. It has been at least once worn down by 
erosion to mature topographic development and afterwards uplifted, and is now being 
redissected. The rocks have a very gentle dip to the southwest, superimposed on which 
are numerous shallow folds of local extent. 

Within the ore-bearing district only Ordovician and Silurian beds occur. In order, 
however, to make the relations clear it seems advisable to review briefly the section found 

aOwen, D. D., Rept. geol. expl. part of Inwa, Wisconsin, and IHinois. etc.: House Doe. Ko. 230, 
26th Cong,, Ut seaa,, 1S4U; Senate Woo. No, 407, 2eth t'ong,, Jet sess., 1844; Rept. Oeol. Survey WIb- 
oonsln lowa, and Uinnesota, Philadelphia, 1S.52. 

mail, James, Lower Silurian system, chapters 8 ana B o( Kept, on geology ol the Lake Superior 
land district, by J. W. Foster and J. D. Whitney, Waahineton. lS6ii Geol. Survey Iowa. 1858: Oeol., 
Survey W *- ■— 
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in the upper Mississippi re^on as a whole." The section includes represeutatives of the 
Cambrian, Ordoviciui, and Silurian, while in the area immediately adjacent, to the north 
and east, pre-Cambrian rocka occur. (PI. I.) The Ordovician rocks are the only onea 
which are importuit from the present point of view. The Cambrian beds are not ore 
bearing and are not known k> have had any direct influence on the formation of the 
• orea. The Silurian beds overlap the Ordovician and limit the fields to the south and west, 
but are not otherwise related to the ores. (PI. II,) 

STRATIGRAPHY. 

OXKXBAL sxonoir, 

A general section of the present rocks may be tabulated na Itelow: 
Seetimi of the roats of the upper Mississippi ValUy. 
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PRB-OAKBRUK BOOKS. 
Rocks older th^ the Cambrian do not oul«rop at any point in the zinc and lead dis- 
trict, though they are known to underlie the entire area. They have Ijeen encountered 
in deep wells at Lanaing and other points and are exposed at many points to the north 
and east. The quartzite at Baraboo and the eorhyolitea of central Wisconsin belong (o 
this group. The pre-Cambrian forma a floor, sloping gently to the southwest, upon which 
the later sediments rest. It lies 1,000 to 1,500 feet below the surface within the district, 
and ia separated from the lowest Paleozoic tieds by a pronounced unconformity, which 
indicates a long period of eroaion. 

OAKBBIAH ROOKS. 

I The Cambrian is represented in the district by about a thousand feet of sandstone, with 

minor portions of shale and dolomite. The beds have been commonly referred to the 

k Potsdam, though in the later Minnesota and Iowa reports they are called the St. Croix, a 
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18 . ZINC AND LEAD IN UPPBB. MlSSieSIPPI VALLEY. 

local nune. IIub uame, however, boa not bIwhjs been consistently used, ttod peading a 
complete reTision erf the stratigraphy it seems desirable to leave the question of nomencla- 
ture open. At many points the beds are divided into an upper and a lower sandstone, 
between which occur dolomites or shales. So far these divigiona have not been mapped 
throughout the field, and it is not certni:> that they are everywhere present. 

ORSOTIOIUr KOOKB. 



Name and dwUimts. — Above the Cambrian and extending up to the St. Peter lies a thick 
formation consisting mainly of dolomite, but includii^ some sandstone. To this Owen in 
1840" gave the name "Lower Magnesian" to distinguish it from the "Upper Magneslan," 
under which term were included both the Galena and Niagara of present nomenclature. 
Since the discrimination of the thick Maqutdceta shale between these two the original sig- 
nificance of the name has been lost, and in accordance with present usage a geographic name 
for the' formation as u whole is proposed in the Lancaster-Mineral Point folio. Hie old 
name. Lower Magnesian, was retained by Hall, Whitney, White, Chamberlin, and all the 
earlierworkera, but loca,l names have been pveu to the individual members of the formation. 
Where fully developed the formation included (a) a dolomite at the base, 200 to 225 feet 
thick; (&) a sandstone in the middle, 15 to 130 feet thick, increasing to the southwest under 
cover; (c) a second dolomite at the top, approKimately 40 feet in thickness. These are 
known, respectively, as the Oneota, New Richmond, and Shakopee or Willow River. 

It was to the basal member of the group that McGee in 1891 gave the name Oneota b as a 
substitute for "main body of the limestone," a terra used some years earlier by Irving c to 
discriminate the lower portion of the "Lower Magnesian " limestone. McGee considered the 
Oneota to be the equivalent of the whole of the "Lower Magnesian," and grouped with the 
St. Peter the overlying sandstone (New Richmond) and the thinner dolomite (Shakopee). 
Calvind has used Oneota tocover the whole group, discriminating the "mwn body of the 
limestone" under the title of Lower Oneota. 

The New Richmond sandstone varies from 15 to 130 feet in thicknesE!.« It ia not always 
well defined in outerops, though W. H. Norton/ found it in deep wella as far south and west 
as Des Moines. 

As explained alxive, the Shakopee dolomite is the equivalent of the Upper Oneota of the 
Iowa Survey. It is a massive dolomite, approximately 40 feet thick, and is clearly defined 
in well records far south Mid west of the area of outcrop, though not well eiposed within the 
lead and zinc district proper. Over much of the lead and zinc region the New Richmond 
and Shakopee are poorly defined, and over other parts they seem to be entirely absent. This 
is believed to be largely due to erosion preceding the deposition of the SI. Peter. 

Lithdogic charader. — The dolomite found in the Prairie du Chien is gray to white in color 
and varies from a very compact, fine-^rained rock to one which is porous and coarse grained, 
but on the average it is less porous and less coarse grained than is the Galena. It also com- 
monly weathers less roughly than does the Galena, though iu localities the Prairie du Chien 
is a markedly rough- weathering rock. In some cases this is due to its brecciated or conglom- 
eratic character. The formation contains masses of flint of different sizes, some as large as 
a foot in diameter, which are commonly segregated in certain layers. In general, the coarser 
parte of the formation curry more flints, and the finer,compact pori.ions are entirely free 
from them. In the dolomite or in the flint masses there are many small cavities which are 
lined with small crystals or quartz. Near or at the top of the formation there is in many 
places a marked development of oolite having a siliceous cement. The oohtes have a con- 
centric structure and are mainly siliceous, though some are calcareous. 

xHDUse Ex. Doc. No. 230, 2Sth Cong.. iBt BesB., 1S40, p. 17. 
6 Eleventh Ann. Kept. U. S. Oeol. Survey, pt. 1, isn, p. 3XL 



"ilowaOeol. Survey, vol. 4. 18B5, pp. 81-88. 
' Norton, W. H., Iowa Qeol. Survey, vol. 3, 19 
/ Iowa Oeol. Survey, vol. 8, 1897, pp. 115-428. 
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llie formstion contoiua in its upper portioo considerable sitndatone, which is not always 
easily discriminated from the St. Peter. In general the St. Peter ia thicker bedded and more 
masatve, is freer from cla; and iron oxide, and doea not cont^n the flint and uo1it« found in 
the Prairie du Chien. 

f Oftsifa.— FoaaiU are not common in this formation. Those found consist ahnost entirely 
of gosteropods and cephalopods. They occur only or chiefly in the prevailingly cheity upper 
third of the tortnation. 

R^ations and thiehi£ss. — The relations of the Prairie du Chien to the Cambrian were not 
studied in the course of this investigation. The formation is separated from the St. Peter 
by a marked erosion unconformity. Its thickness raises generally between 200 and 
300 feet. 



Name OTUJ thidcTtets. — Upon the Prairie du Oiien Ilea a comparatively thin sandstone, long 
known as the St. Peter from the fact that it occurs along the lower course of the St. Peters 
(now known as the Minnesota) River. This sandstone varies considerably in thickness, 
averaging about 70 feet. Its maximum thickness is somewhat over 100 feet and its mini- 
mum perhaps 40 feet. 

Lithdogic ehamder. — Lithologically the St. Peter ia a practically pure quarts sandstone, 
its silica content being veryhig^,in some specimens reaching99 percent. The grains are 
well waterwom and commonly very poorly cemented, so that the rock crumbled and does 
not at many places stand up in vertical pTposures. Exceptionally, casehardening causes it 
to form well-developed cliffs. The cementing substances present are quartz a^d iron oxides. 
Id a few places the grains have been enlarged by the addition of silica and now present more 
or less perfect crystal faces. Near the surface in many exposures the sandstone is stained 
yellow, brown, or red by iron oxides, but this coloration is mainly superficial, 

FoasUa. — TTle St. Peter ia a practically unfossiliferoua formation, though a few bivalve 
shells and pelecypods have been reported from it.i* 

Edalums,— The St. Peter rests in marked unconformity upon the Prairie du Chien. Its 
relations to tlie succeeding formations are less clear. Between the typical sandstone and 
the basal dolomite of the Platteville there is everywhere a band of blue sandy -shale, varying 
in thickness froni a few inches up to 5 feet or more. This is not usually shwply separated 
from the sandstone, but grades into it. Onthe other band, the upper surface of the shaJe is 
sharply separated from the overlying massive dolomite. The sand grains extend up through 
the shale, hut rarely, it ever, beyond that horizon. TTiis would seem to indicate that the 
shale belongs with the sandstone or is a transition bed, indicating continuous sedimentation. 
In Missouri and elsewhere, however, the two formations arc separated by certain beds 
which are absent in the upper Mississippi Yaltey. The Joachim limestone has a considerable 
development in Ibe Ozark r^lon and overlies the undoubted extension of the St. Peter, being 
at the same time covered by the equivalent o! the Ptatteville, These facta would indicate 
a period of nondeposition if not of erosion in the upper valley. Owing to the general 
absence of fossils and the homogeneous nature of the St. Peter, it ba-s so far been impossible 
to make certain whether the same bed is everywhere present and in contact with the overly- 
ing rocks. There is no visible discordance of strata and to that extent no positive proof of 
unconformity. In the light, however, of the exposures in Missouri and of general studies 
ot the Ordovician it seems beat to consider the blue shale as marking the initial deposition 
of thD Platteville and the presence of the St. Peter sand grains and pebbles in it as due to 
reworidng of the loosely consolidated material by the oncoming sea. 



Name and fAtotness. — The beds included under this name have long been known in this 
district as the Trenton limcstonp. Since that term has been variously used in this area and 
only a portion of the beds commonly referred to as Trenton are here discussed, it has been 



: Bull. Oeol. Soc. jt 
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proposed " lo use a local name for them. The exact coirelatioa of tbe Platteville with tbe 
New York section is open to some doubt. The closest approodi to a synonym ia the tenn 
Bcloic, proposed by F. W. Sardeson.6 The upper limit of the Beloit is not, however, tbe 
same as that here adopted for the Platteville, and as the litholi^ic development of tbe 
two formations is very different it seems best to let the matter of a general term rest, pend- 
ing complete studies of the entire region. 

The Platteville formation Is typically exposed in the vicinity of Platteville, Wis., and its 
entire thickness may be seen along Little Platte River west of that (own. It has an average 
thickness of approximately 55 feet, with a minimum of 40 feet and a maximum of perhaps 
65 feet. 

Liiholo^ character,— The formation i.s mode up largely of limestone, which is nonmag- 
.lesian or slightly magnealan aa contrasted with tbe succeeding Galena. It contains, how- 
ever, certain beds of dolomite and considerable shale. Tbe upper limestones of the Platte- 
ville are characteristically fine grained and break with a clean, conchoidal fracture. He 
best'.known bed is locally called "gisas rock" and is on easily recognized and important 
datum plane, though there are several beds which are somewhat like it in teitufe. Tlie 
shales are generally blue to green, and are essentially argillaceous, containing veiy little 
sand. Occasionally they are slightly bituminous, though the bulk of the bituminous shale 
found in this area belongs to the succeeding Galena formation. 

A generalized section of the Platteville includes the following beds: 

GeTiendiEed teetion of the PlaOeviMe limtstone in the upper MUtismppi VoB^y. 

Feet. 

4. Thin beds ot limestone and ahale lO-lS 

3. Thin-bedded, brittle limestone, breaking with coochoida] frsvtun 25-30 

a. BufltobluB magnealan Itmeatone, heavy bedded, In many places a dolomite 1S-2S 

I. Shale, blue, In someplacersandy..-...--. I-S 

No. 1 of this section fonns the base of the Platteville and rests directly on the St. Pet«r 
sandstone; in places it is sandy, though commonly it contains a distinct bed of shale free 
from sand grains of noticeable size. It is nowhere very thick, and while, as already noted, 
it is here referred to the Platteville, it is pos^ble that future studies may show that it 
belongs properly to the St. Peter or to a formation which, aa developed elsewhere, lies 
between the St, Peter and the Platteville. 

No. 2 of the above section is the so-called buff limestone or quarry rock, so for as it ia 
developed in this particutar region. It is always magncsian and is usually a dolomite. It is 
bud on weathered surfaces, but blue in fresh blocks. Its beds are from 6 inches to 2 feet 
thick, and it is thus markedly different from the rest of the Platteville. It holds its peculiar 
lithologic characteristics over large parts of the upper Mississippi Valley, even outside the 
lead and zinc district. It can be distinguished in the held from tbe Galena dolomite both 
by its stratigraphic position and by its more earthy nature. It has been called tbe "lower 
buff limestone" and also tbe "quarry bed." 

No. 3 of the section consists commonfy of thin beds 1 to 3 inches in thickness. These are 
separated by very thin shale partings and have on undulating or wavy appearance. At 
many places these beds are dense, composed of a very finB-grained gray to hght-brown 
limestone, which breaks with a more or less marked conchoidal fracture; on weathered sur- 
faces the rock is usually white or very light gray. When this member has the peculiar 
lithologic characters just mentioned it ia sometimes called the "glass rock," though the 
main "glass rock" belongs in the next higher member of the section. The peculiar thin, 
wavy beds are especially characteristic of this member of the section throughout the dis- 
trict. To the east, near Beloit, it is represented bv m^nesian limestenes and dolomites, 
more like tbe beds below. 

oBahi, H, F., Zinc and lead deposltBot northwestern lUlnola: Bull U.S. Oeol. Survey No. 146. 1905, 

II. ID. 

» Am. Oeologlst, vol. 19, 1897, p. 23. 
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. No. 4 of the section consists of limestone and shale in thin alternating beda which greatly 
resemhle in places the basftl portion of the succeeding Oalena. It is in this member that the 
tjpical glass rock occurs. This rock consists of dense, very fine-grained, hard, conchoidally 
breaking limeatone, which rings when.stjTiok with b hamnier. It is of a light chocolate 
color when fresh, but weathers rapidly to white or to very light gray. The typical glass 
rock beds range from 3 to 8 inches in thickneas and are separated by thin partings of choco- 
late-colored shale. Together they have a thickness ranging from IS inches to 4 feet, and 
form what is called the main glass rock. As the rock strongly resists weathering, its expos- • 
urea and fragments are, as a rule, easily found. In the eastern part of the area this glass 
rock becomes coarser grained, somewhat magnesian, occasionally cherty, and thicker, being 
in plac«e 15 feet thick. It stiU retains, however, some of its usual characteristics and is 
commonly called glass rock by the miners. Chemically the glass rock is a slightly impure 
limestone, as is shown by the following analysis : 



Analyni ofgUtM rock." 



Bllica(910i) 

AJumlna (AliO,) 

8e8quioildeafin)D(FeiOi) 

Carbonate of lime (CaCOi) 

Carbonate of nugneals (UgCOi) . . 

Water (HKl) 

PhospboTto anbrdrlde (FiO>) 



Above the glass rock are usually a few feet of thin-bedded, ahaly limestone, contuning 
large quantities of a large long-hinged variety of Orthi$ — 0. (Ddlmandla) stibiequata. 
While this form rangse higher, it is especially abundant at this horizon, which is taken as 
marfcii^ the top of ibe Platteville. 

FoseiU.—Hr. Ulrich supplies the following notee upon the paleontok^c characteristics of 
the PlatteviUe; 

The PlattovUle as a whole Is more highly loMUiferouB than any other formation In the Immediate 
r^on. While practically all beds except the basal shale contain loHilB ^ greater or less abundance, 
certain beds are literally packed with organic remains. A (ew species, notably LeptrdiHa fabnlitti 
(Conrad; , the most characteiiatlc IohU of thelormatloD, range through nearly all the beds. Many other 
species, however, occur In only one or two of the beds. The dolomltic member (No, 2 ol the general sec- 
tion) contains relatively lew fosBlls, and In some places appears almost barren. 

Of ^(ecles and varletlea confined in the Mississippi Valley to the Platteville, Stripttliuma pn^imdam, 
Bafinetqaina minneaolenlil, OrthU defltda, O. autixquala (long-hinged variety), Pterolheria reOan- 
galoTit, teptrditiaf(^iulUis, and TIMUo])) osaiui may be lound la any of the Ilmestono beds of the for- 
mation. All of these species are common In the thin-bedded, nearly pure limestone eonBtltutIn8l>ed 3. 
Among species apparently restricted to this bed oroocuTiing so much more abundantly here than else- 
where in the srctloa that they may be considered as characlerlstic of It, the following may he mentioned: 
llai^TtaMgtbyi,PltTiilheTaitiUrnaM,Zyiioipirat_RaaiiM)nicoUtli,ntn(rkiinMgtuilU,R>iiniiiiclhyapedi- 
Culaia, PkyU^^ernia eubtaxa, MonMrjfpamagna, Rhjfnchotremaminngtotensis.Ambwi^chiapIaaisttiaia, 
Clumychia lamtOota, SalpingoiUivui btteUi, Conradelia iriangalarii, Hyolithei Cioconi. £ncrtRurus ran- 
nH/ui, and sponges of tbe genera AtUhatpidaio &ai ZiUelella. 

The characteristic fossils of the glass rock and Interbedded shales are BuOtoffrapItu I<im< and other 
delicate plumose marine algie. 

The top shale of the formation everywhere contains great numbers of a large and ratber broad variety 
of O. {Dal.} aabxgaa/a that Is confined to this horizon. Other epedee are few, but one or both ol the 
bryoioa, SIrictopordto /rondiftra and 3. aniwiird, that occur only In this shale bed, m»y«)aimonlj ue 
found wherever the bed is well developed. 

A few of the Flattevme fossils, espeelsUy the brachlpode and notably OnJUsMcnorta. O. tabuqu/Oa, 
and atrophmata incurvala, pass upward Into tbe llUiologlcally slniilar basal division of the Galena, But 
tbe other fossils associated with these transgressing species are so numerous and distinct that only 
slight acquaintance with fossils is required to distinguish the representative horl^ena at once. Uore- 
ovec, a close study of the speciee mentioned shows that la paeelng from one formatioo to the next they 
have sustained cecognlzable ra 



" Geology ol Wisconsin, vol. 2, 1877. p. 681, 
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DttaSed atv^ioTM,— Owing U> the importance of the PlatteviUe in its lelatioa to the ore > 
deponte and the frequeot obscurity of the PUtt«Tille-Otdetui contact, it aeetaa de^rable to 
give a few detailed tTpical sections before discussing the relations. The sections given 
below are well exposed and each in its way is chafacteriatie. For convenience, the portion 
of the St. Peter and Galena formations exposed are noted, as well as the Plattoville beds. 
The Spechts ferry section was measured by Calvin and Baino, the others by Grant, the 
foosile having been determined by Ulrich. 

1. Sedion at Spedttt firry. 

Feet. 
II. Thin-bedded, brown dolomite, with ahaly partings 4 

10. Tliln-bediied, Imperfectly dDloDiltimd llmeBtone, with IobbU bracblopod BbellB only sli^tl; 

changed; the linieitone brown, eartb;^, nonci7BtalUne, but evidently of the Qalvoa type 3 

9, Thkk, earthy, ImpeHoctljdoiomltleedbede (Galena) 3 

6, Thin limeitone beds with much ahale In the partli^s; In part a true shale. Tbla member is 

slmoit entirely sholy a lew rods above the itatioa on the road leadlog to Dubuque, Foasits 
are numeroua, the most common epecies being OnMi U/ttuHnaria, O, beOarvgosa, O. ptica- 

teUa. Raflnetguinq aUemaia, and PUetamboniUf aericea. ...-- - -..,-- -,--. 5 

T. Umeslone, bluish, vith poorly preKrved toesDs, In tieda varying Irom 3 to Inchee in tiilck- 

e. IJIulah or greenish ahale eontsinlng occaelonal thin beds or dlsconthiuous flakca o[ Umcatnne. 
The chsracteriatk fosslle are OrtAii tubxquala andO. Irictnaria: the " green ahalee " of tlie 

HlraiMota geologlBlB 12 

S, Thln-beddcd, bluish, rather coarse-grained limestone, westherlng bronn In color 5 

4, Limestone In rather heavy layera which range up to IS Inches In thlokneaa; hlulsh on freah frac- 
ture but weathering to bud on eipoaure 5 

3. Hilttle, Hne-gralned, bl lid limestone, very foesillteious, breaking up on weathered surfaces Into 

flenuoua layera aboutainchea thick 20 

2. Lower bufl beds, exposed, about 8 

1. Unexposed to level ol water in river, about 46 

Sinc« the above section was measured a new quarry has been opened near by. In it 
certain of the beds have a slightly different development, a tbin, well-defined black shale 
being found at the base of No. 6 and dark shaly partings appearing in the lower portion 
of No. 7. From the latter Mr. Burchard collected Bafiii4iquina allenuUa, Stnypkomttiajili- 
UuAa, Ctenod/mia aataiis^ormis, and Batkyums sjnniger. While the dolomite phase of the 
Galena is not found below No, 9 of the section, the top of the Platteville is considered to be 
marked by No. 6. 

The following section was measured at the old quarry on the west branch of Little Phitto 
River in NE. J sec. 8, T. 3 N., R. 1 W. 

£. Sedum tkot PlaaemOe. 

Ft. In. 
13. Suboryitalllne limestone, magneslan at base, but In 2 or 3 feet grading into tblck-bedded 

dolomite 20 

11. Blue to gray calcareous shale or shaly limestone S 

11. Thin-bedded, subcryatalilne limestone, containing a few specimens ol Orlhii mcenorio 

Conrad and O, stibiatttaia Conrad 5 

10. Thin, wavy-bedded, glass-rock-llke limestone, becoming subcryelalline above. Some beds 

narwDalmao '. 6 

9, Dark-brown or chocolate-colored shale or oil rock 2 

8. Thin, wavy-bedded glasa-roct-like limestone, commonly very loselllleroUB; a few thin 
partings of oil rock. Orthts Incenaria Conrad, 0- aubxqtuUa Conrad. 3lropJi^me9i<i in- 
carrala Shepard, Ratliuiqatna aJhmala Conrad Cledodonla atlantformii Salter, Cenat- 
ruj pleanxanthemui Green, Isoitlm gigas Dekay, Xhiminaya mtuabiltt mrnor Uirlch, 

7, BlLie shale 8 

e. Thin, undulating, hard, sometimes glase-iock-ilke limestone. mierOedded wlib blue shale. 

(var. flHnn<a|Wi$Winchell), which jsoerever; sbuodaat and of large slie. Strtttoporella 
fmndi/era Iflrwh occurs at the top ol this division 2 
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Ft. in. 

5. Gray to ytXlov-tirowa to almost black clay 7 

4. Dark-gmy ahale and hard gray llmeatone Intsrbedded 1 2 

3. The main glaas-rock beds. Some oil-rock bands occur in tbe Iowot p&rt bdi3 in these are 

(em-llkelonDB wbicb an probably foasU algie. BtHhograplui laxui (Hall) 2 

2. Thin, shaly layers ofglaas-rock with oll-r<*k partings; weatherB icicl^ 3 

1. Blue, gray-weatheriDg llmeatone, with dark partings. The upper part iB separated by 

blue Bhak) into 2 beds, escb 21 inches thick. The upper of these beda hae in places the ap- 
pearance ol thlD wavy-bedded glass rock. OrthU deflteia Conrad, Bajtaeiquitva niitine- 
iottntit Utrich, Thaltops ovaia Conrad, Leperditia /aimliiet Conrad, Monolrypa magiui 
Ulrich, to base ol exposure 7 

In thia section (PI. Ill, A) tha lower portion of the Galena and uppermost beds of the 
Platteville are shown. No. 1 belongs to the thin-bedded member (No. 3 of general section) 
ot the Platteville. Nos. 2 to 6 belong to the upper member of the PlatteTille (No. 4 of the 
general section), while Noa. 11 to 13 clearly belong to the Gitlena. Noa. 8 to 10 are prob- 
ably the equivalents of the main oil-rock liorizon which maiics tbe baae of the Galena, and 
No. T represents the clay bed usually found beneath it. This-section is fairly character- 
istic for the western half of the Mineral Point quadrangle, except in the extreme northern 

3. Seetion al the Cily quarry. Mineral Point. 

Ft. in, 

11. BesldualBOil 5 8 

10. Decayed dolomite, e^led by the miners the "brown rock" 4 

a. Oil rock, with some cubeaot lead and some decayed llmeatone 1 S 

8. Compact, brownish magneslan limestone 1 

7. Uneiposed 17 8 

6. Thin, wavy-bedded limestone, ^' glass rock*',,,....... :. 4 

5. Compact, msgnealan limestone: brown on weathered surlaoes, but blue on Ireab surlaces; 

in beds 3 Inches to 1 loot in thickness 10 B 

4. Thin, wavy-bedded, hard,glass-rock-like limestone 15 6 

3. Coarser, thick-bedded dolomite 20 B 

2. Uneiposed B 



In this section (PI, III, B) No. I represents the St. Peter sandstone. The shale (No. 1 
of the generalized section of the Platteville) just above this is here very thin or absent. 
No. 3 represents the quarry rock (No, 2 of the general section of the Platteville) while No. 
4 represents the next higher member, and Nos. 5 and 6 probably represent the upper mem- 
ber ot the Platteville. The beds above No. 6 are refected to the Galena. 

i. Section at Mineral Point near Mineral Point Zinc Works. 

n. Debris ol limestone, containing atreptelaama corntculum Hall and a lew specimens of Orthfi 

mbaguala Conrad 3 

6. Compact, flne-gralned llmeatoqp, "glass rook" (7) 2 

4. Thin, wavy-bedded, glass-rock-like llmeatone. Orlkia IricaiaTia Conrad, 0. deftecta Conrad, 
Rafiyieiirpana atUrivtta Conrad, Eafinesqaina inmnetoteiisis Ulrlcb.Z^ooipira (Hallina) ntco^ 
tfti Winchell and Schucbert, Btiyncboirema mmnetotensia Sardeson, LeperdUia jatnititei Con- 
rad, IsoU^s gigai Dekay, Jf onolr^pa magna Ulrich, ZileUella lypta^i! Ulrich and Everett 

and AtuhaspuUUa sp 25 

3. Coarser, thick-bedded dolomite 14 

3. Unexposed fl 

I. Sandstone 10 

la thia section No. 1 is St. Peter^ No. 3 (and part of No. 2) is the second member of the 
Platteville; No. 4 is the third member of the Pkttevillc, while No. 5 represents the baaal 
part of the upper member of this formation. No. G perhaps belongs to the Galena. 

6. Section at Darlington. 

Ft. in. 

II. Coarsegrained, thick-liedded dolomite, with ifccsptaculiles owmt Hall 4 

10. CoarsB-gralned, thick-bedded dolomite 3 

9. Coarsoiiraloed, thick-bedded dolomite with flints 
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Ft. In. 
8. Coarw-gratoed, thkk-bodiled dolomite 3 

7^ Noerpoflure........... --.-,„- --.---.----.------ fl 

6. Coarse-gialued, tblck-bedded dolomite with 3 ihaiy bands, one-luil to i luehea tbick. 

Ilear ban are a few Or(Ui(ri«Hrte Conrad. O.pfltoUlla Halt, 0. mbxquala Cooraa . . 27 A 

6. Thin-bedded doIomEte 4 

t. Thin-bedded llmeBlone with oll-roct parUnga which are ooftftmrth to 2 inehea thick. Or- 

this triceTUiria Conrad, O. mbxqttala Conrad 4 

3. Fine-gralned. compact, magnealan limestone witb a lev Safcea coDtalaIng Buihoffraptut 
laxui and a lew oU-roek partlngE. This repreiienta the trae glaai rock. The npper Biir- 
laceliamooth— poaslblF waterwom. 0. «utiir;uabi Conrad (var. ntinncapoUt Winchell) 

plastered on top aurface, Streptglaema pTofundvm Owen in bod; of bed ..--..-- 15 6 

S. Blue magaeslanllmeatoQe with dark, wavj partings IB 6 

1. Very bine, magnealBQ llmeetooe with more prominent clay partlnga. Plmrotomorto ivbconia 

Hall, StrtpUlaima profandum Owen 10 

In the above section the lower part of the Platteville is not exposed. No. 2 and probably 
No. 1 belong to No. 3 of the general Platteville section, while No. 3 belongs to the upper mem- 
ber of that section. Nos. 4 to 11 belong to the Galena. 

Section 1 represents the conditions in the e;ttreme weatern part of the area. Section 2 
represents the conditiona preTailing in the IjtmcBSler quadrangle and in the western part o( 
the Mineral Point quadrangle, while sections 3, 4, and 5 belong to the eastern half of the 
latter area. It will be noted that the Platteville grows more magneaian to the eastward. 
The Darlington section, in fact, belongs lo llie Beloit or east Wisconsin basin, in which all 
the rocks corTeq>onding to the Platteville and Galena of the mineral district are dolomites. 

Rdatioas. — The relations of the Platteville to the St. Peter have already been discussed. 
The exact relations of the Galena are somewhat open to question. Lithologlcally there is 
no great difference between the basal Galena and uppermost Platteville. TTie rocks are 
essentially thin-bedded limestones witb interbedded sbaly matter, and indicate that locally, 
at least, mechanicaJ sediment reached the area for a short time both in the closing sta^ of 
the PlatteviDe and opening of Galena time, llie beds are beUeved to represent shallow- 
water conditions, under which local unconformity would be expected to occur. Chamber- 
linn observed some slight evidence of such unconformity above the glass rock at Platt«ville, 
and Grant has noted a place near the Tippecanoe mine where the glass rock is absent. This 
may be explained in another way, but at least accords well with the notion of local uncon- 
formity. In the Darlington quarry there is a place where shales recognized by Uirich as of 
Galena age occupy a channel of some sort Id the uoderlying rock. This he interprets as a 
clear mark of unconformity and reinforces hia conclusion by evidence (not yet published) 
derived from the fossils. For the present it can only be stated liiat the evidence as a whole 
IB not entirely conclusive, and that such unconformity as appears is seemingly very local. 



Name and charader; — Above the Platteville limestone, in the mining district, is a Ibick, 
massive dolomite, which forms the main ore-bearing rock. It has long been known aa the 
Galena limestone, a name applied by James Hallb to the beds in and around Galena, 111., 
lying above the so-called Trenton. The exposures around that place are accordingly typical 
for the formation. They show it to be made up of a granular, highly crystalline dolomite 
of dark-buff color. Owing to the predominance of solution over disintegration, it presents 
on weathered surfaces a very characteristic carious aurtace, marked by pita and rounded 
protuberances. {See PI, IV.} In hand specimena it frequently ^owa small open cavities 
of very irregular shape. These are often lined with dolomitii crystals. When the rock 
weathers it breaks down into a coarse red sand, made up of individual crystals and crystal- 
line particles erf dolomite. 

Chert or flint is abundant in the median portion of the Galena, usually occurring through 
a thickness of about 100 feet. The cherty beds and those above are exposed within the 
limits of the city of Galena, The highest beds form the surface rock northwest of the town 
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aa far as the old tollgate. He lower beds come to the surface between that point and the 
junction of the two branches of Fever River. 

Qenernl seetifma. — A aomewhat generalized section of the formation is given below. 

OeMTol aedmn of ike Oalena deiomiU. 

Feet. 

5. Dolomite, earthy, thin bedded 30 

4. Dolomlto, coarsely cryetalUne, mftBSiTe to thick bedded 80 

3. Dolomite, thick to thin bedded, coarsely cryatalllne, ehert-bo»ring BO 

2. Dolomite, thick bedded, coarBoly eryatalllne; locally the lower portion la nondolomftie and 

tUn-bodded 50 

I. Thin-bedded llmeatone irith shsl; partlnga which are blghly toaBllIteroue, and, in part, at ieaat, 

corbonoceoua — the " oil rock " of the miners, usually with a well-de^ed day bed at the base . 2-10 

The baaal member of the Galena, No. I of the above section, is well known throughout the 
zinc district. It receives its name from the large amount of organic material which it con- 
tains, often sufficient to cause it to hum when lighted with a match. In the mining district 
it is everywhere rect^mzed as the oil rock; and as there are usually several bands of shale 
interbedded with thin, brittle limestone, the most important band is there discriminated as 
the "main oil rock." The individual bands of shale are generally thin and discontinuous, 
though the oil-rock horizon may be recognized throughout the district. It is a curious and 
significant fact that the oil rock is best developed in and about the mines, and that it is 
absent or poorly developed in the quarries and rock exposures between the mining districts. 
A number of sections given in connection with the description of the mines illustrate the 
character of the lowermost beds of Galena. A generalized section of the lower portion ot the 
Galena would be as follows : 

General sectitm qf basal Galena bede. 

4. ThlD-bedded magoeslau llmeatoue variat Fe in thlokneas which depeoda upon the extent 
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3. Thin-bedded llmeetone or dotoml(« with partings ol oil pxX 5-S 

2. Brown, ehafy material with minor lenaeeol limestone the main oil rock boitioa f-S 

1. Shale or blue elay eontalainK blatk phosphatic pebbles 1-3 

In places dolomitizatioa extends down to the l4>p of No 3 of the above section , m other 
places No, 1 of the section can no) be distinguished from the shalj hme<itone beds at the top 
of the Platteville, in which black and brown shale, indistinguishable from the oil rock ot the 
Galena, occurs. The oil rock often occure in two pronounced bands rather than one, and 
the diiference between Nos. 2 and 3 of the above section is one rather of the relative propoi^ 
tiona of shale and Umestone titan of diiference in kiod. 

The material here called oil rock is a finely laminated brown to black shale. It is com- 
monly of a dark chocolate color. When hunted, it gives oS a peculiar petroleum odor, and 
it is from this that it is named. The shale contains fragments of slighfJy harder rock in a 
matrix of softer material. These fragments show fracture and are bent and broken, while 
the soft material has evidently been squeezed in between the fragments. Particularly 
striking examples of this structure were seen at the Hoskin mme near Hazel Green. In the 
blue clay bed beneath the main oil rock are numerous small, rounded, black, pehble-like 
bodies, which, upon test by F. P. Grout, proved to be made up of phosphate of lime. Since 
they include pieces of fossils it is supposed that they represent either fossils themselves or 
concretionary masses derived from them. 

The oil rock proper is one of the most interesting materials found in the r^on, and its 
significance in relation to the ore deposits warrants the following rather full description. 
Chemically it couusts of impure hmestone impregnated witli organic matter. Partial analy- 
ses of three samples" showed contents of "carbonaceous" matter of 40.60 per cent, 18.31 
per cent, and 15.76 per cent. Recent I«st8 by F. F. Grout on material from the Dugdale 
prospect west of Platteviile show a content ot 20,85 percent of volatile matter, with 7.95 
per cent of true carbonaceous material in thoroughly sir-dried shale. Leaching the shale 
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mth ether gave a thick, heavy oil, which ia doubtleaa the most importoDt element in the 
volatile matter and which contains an appreciable amount of sulphur. 

Mr. Rollin Chamberlin courteously undertook the further exainioation of the volatile cod- 
atituents of the rock with the folloning results: 

ThA OIL rock la very poroua and light, having a apeciffo gravity at only 1.03 and yielding gas bubbles 
when placed In water. One volume ot the rr>cl(gaveS7.16 volumes olgaa when healed to a red heat in a 
vacuum for two hours. A gas analyai« of this material gave the following reaulta: 

Analyaii of gai frina oU rock of Dtufiale proiptct. 

Hydrocarbon vapors 11.11 

Heavy hydrocarbons 1.00 



n.is 



re bare grouped rarloua hydrocarbons nhich are liquid at 
e In alcohol. Beutlne may be taken as a type. They contain 
more than e atoms of carbon per molecule. The heavy hydrocarbons are gases, auch aa ethylene, 
acetylene, and their analogues. In making thle analysis the hydrocarboii vapore weie Hret removed 
and deterraloed, then the heavy hydrocarbons were absorbed, leaving only CHi ol the strictly organic 
compounds to be determined. What percentage of this material exists In the rock In the true gaseous 
state is hnpossible to tell, though It Is probably not a very Uige proportion. Host of the gas, se the 
analysis indlcatSs, came Irom the dlatUlatloo and decomposition of various volatile hydrocarbons which 
give to the oil rock Ita name and precipitating propertlea. None of my analyses, with the escoplion of 
one of highly bituminous shale Irom Tennpseec, have shown either hydrocarbon vapore or heavy hydro- 
carbons present. The exceeeive volume of the gas, 57, aa against an average o( 4 volumes per volume 
of rock, and the uaual amount of HtS and CSi are tbe other noUble features of the oil-rock gaa. CU, 
rarely exceeds 5 per cent In igneous or sedimentary rocks unless manufactured in the combustion tube 
from organic compounds present, in this case heavy brown tars were also evolved. 

A microscopic examinatioD of slides of the same material made by Mr. David White 
leads to the following coQcluaiona; 

Thin sections of the light chocolate shales show them to eootalQ minute, 
discoid translucent bodies of a brilliant lemon-yellow color and highly re 
determined by F. E, Wright, being 1.819. These yellowljodles, varying fn 
tal diameter and 5 to 20 microns In vertical, usually thinly lenticular and irrt^iarly rounded ai tbe 
edges, but often nearly ova), are, In vertical section, seen to lie horiiontally matled with other sedi- 

lersnow. While varying greatly In size they accommodate themselves topographically when overlap- 
ping or surmounthlg the coarser rock material and aeem to preacrve their individuality even when 
apparently in contact. They are Incredibly numerous, constituting over 90 per cent ol the rock mass 
In the richest layers. 

Upon proper mlcroecopical manipulation the larger ol the yellow bodies appear to include a number 
of horlEontally oval llgures, characterized by an extremely narrow and usually oUscure marginal ring 
and a small, roundish, or slightly Irregular, denser, and olten darker-colored mass near thecenter. These 
figures, averaging about 8 microne in length and 5 microns In width, are suspended In the translucent 
yellow bodies. In which they are similarly compressed horizontally. They are regarded as probably 
corresponding tothe contours ol collapsed and flattened unicellular plants, (he outer ting representing 
the cell boundary, the inner, denser portion, the residual conienta ol the cell, whose otigmai gelosic 

to have contained a single oval, the larger ones several. The yellow bodies are therefore interpreted 

tococcales. They appear to have twen somewhat enriched in bitumen after the cessation ol bacterial 
disintegration, which. In the huS ahaiea, does not eeem to have piogceseed sufficiently to form a notice- 
able fundamental jelly. 

The black oil shale dlQera from the light chocolate and buff rock chieQy Uy Its deeper color, probably 
due to greater hum tficat Ion and bltumlniiation of the gelosic bodies, and moie particularly by thesus- 

and the included, denser, small, central masaes are much more strongly deQned andgeneiallymoredeeply 
colored. The slightly smaller size of the yellow bodies In tbe blaclt sfiaie la regarded as due either to 
greater shrinkage under the Influence of the bitumen or to more extensive bact«tial reduction. The 
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dark-browa grouDdmasa appears to consist at a timdamsntol jotly, largely filled vitb minute mineral 
matter and granuloK tregmental dSbris or wreckage due to destiuctlTe bacteria] actioa on the geloaio 
bodies, many of which, like the amalt Iragmenta of larger associated algs, are greatly corroded. Many 
of the gelostc bodlea were doubtless completely decomposed. To thla bacterial wort on the organisms 
is due, in tbe judgment of the author, the esseotial character of the somewhat humified fundamental 
Jelly Itself, to which there has probably been aaceaalon of attracted bHumeo. The more eitendod bac- 
terial action seen in the black shales is interpreted as anteoodent and casually related to the greater 

The oil shales owe their volatile hydrocarbon contents either directly or indirectly to the lossiliied 
residues. Interpreted as theiemams ot microeoopic algse, which locally composed over OO percent ol the 
sedimentary material. These pelagic or Boathig algs: (etl lo prolonged showers in quiet or protected 
areas where tbewater was presumably somewhat charged with tannic or hum le solutions conducive to 
the early arrest o( anseroblc baclerfftl decomposition. Possibly the bacterial action was arrested by its 
own products. Tbe original deposits were doubtless several times as thick s.h ihoxe now remaining, 
since It Is probable that the organic residue represents as little as one-twelfth of the original volume. 

The Ordovlcian, like tbe Carboniferous gclosicalgEB, appear to have exercised anattractiveorselectlve 
Influence on bitumhious compounds, particularly those of illumlnant values, and to have consequently 
been permanently somewhat enriched. Porilnna of their hydrncarhon contente have doubtless been 
lost at various periods, and the great shrinkage of the shale which caused the collapse ol the overlying 
llnuBtoae strata may have marked the first of these periods of hydrocarbon reduction. Presumably 
aceelcrated loss occurred at all times of rock folding in the i^lon. Such an occasion might be favorable 
lor the deeper zinc deposition. 

The general resembiance of this material to the torbanito o! Scotland, central France, and 
New South Wales is striking.o These deposits are an important commercial source of cer- 
tain illumioating gases, particularly desirable fur train service and other uses where they 
must stand compression and oF oil for enriching ordinary ga.^. In the Wisconsin district the 
only attempt to use tb^ shales as a source of gas was made by Mr. J. W. Murphy of the 
Enterpriae mine, whose experimeota bave not yet been concluded. 

The sigDiRcaace of the oil rock in relation to the ore deposits lies in its capacity to furnish 
a large amount of material especially well suited to cause the preciprtation as sulphides of 
metallic salts. 

Above the basal member the Galena is a very homogeneous dolomite, which through 
much of its thickness varies mainly 'in the presence or absence of flint. It is granular, crys- 
talline, and coarse grained. In weathering it breaks down into a coarse yellow sand, Tbe 
formation is generally massive, the average thickness of the beds beinz from one to four 
feet. Near the top thinner beds, ranging from four to eight inches, are characteristic. The 
dolomite when unweathcred is usually of a light bluish-gray color; but in some places, espe- 
cially !□ the upper part, it loses the bluish tinge and becomes gray, while in the lower part 
this bluish shade is sometimes intensified. On weathering the dolomite changes to a light 
yellowish gray or buff, and in the more weathered parts has a somewhat brownish or reddish 
color, the ei^act shade do|Sendiug on the proportion and character of the iron oxide present 
in tbe residual malarial. 

Analyses indicate that the rock is in the main a very pure dolomite. There is a slight 
range in composition, as is shown in the two analyses made from diHerent layers in the same 
quarry and quoted Ijelow;!" 

Analyaea of Eagle Point lime rock. 

[J, B. Weems. analyet.j 
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The aints which occur in the Galena vary in size, ranging from small particles up to 
maaae9 several inches thick. These masses are lens^haped and are distributed along 
planes so as to form Dcarl; continuous beds. Flint ia Dot found In the uppermost or lower- 
most portions of the formation, but ranges through about 100 feet of its thickness a little 
below the middle. In places the flint is fairly well distributed throu^ this thickness. In 
others it is segregated mainly ia one or two beds. 

The most complete exposures of the Galena formation may be seen in and around 
Dubuque. He section given below shows nearly the entire thickness: 

Sedian of Galena dolomile at Eagle Point, Iowa. 

IS- Loesa-covered alape above tho oiitrroi^piiig ledges of Galana doloiaLt« ...........;.............. 16 

17. Ledgeaof we]l-dolamitiiedGaleiia,vary[Dg[rom2ta3I«tlathlckiieu 10 

16. Two or tbroe rsthw beavy [edges containing large nutnlMTs of RecejilaaUiUi oweni Hall. Bt- 
ceplaculilts le found sparingly In other members of the section, but at this horiion, tha upper 

Reeeptaculites zone. It is exceedingly abundant ..---. 10 

IG. HeaTy-bedded, typical aalens; hard, crystalilne and relatively f.-ie from chert; In ledges 3 to 
fl feet In thiolcneeB 70 

11. Bed GODtaloli^ pockets of eslclle, thecaloltalD some oases forming large crystals 3 

13. Bed eont^ning large quantities of chert 4 

12. Ledges showing the characteristics of the typical Galena; hard, compact, crystalline, eom- 

pletely dolomitlied, with small amount of chert 18 

11. Thick, maeslTB beds wiiblBi^ amount of chert II 

10. Thick beds of crystal line dolomite, the ordinary type t 

B. Ledge varying in texture, cDntaming small pockets of caiclte and some cbert: a dt^le qKd- 

mcn of Recepiaailiits found In this lodge * 

8. Heavy ledge nearly on level with the top of llmeklin ....... ..,, 3 

7. Dolomite varying hi aspect according to degree of weathering; at Eagle Point showing bed- 
ding planes 10 lo IS Inches apart, a few nodules of Qlnt and numerous specimens of Hecep- 

tacutites otomt marking the lower Receptacuhtes zone.. 15 

6. Massive, crystalline dolomite; bedding planes almost completely obliterated 20 

5- Incompletely dolomltlEed beds with shaly partings at Intervals of fl, S, or 10 Inches.,, lO 

1. LimeBtone, earthy, Incompletely dolomltlied 2 

3. Oil rock, carbonaceous shale, weathering to brown earthy matter 1 

2. Olasa rock; thin-bedded, brittle, nonroagneslan limestone In 2 to 3 inch layers with Irr^^iiar 

clayey partmgs 3 

t. Shales, green, argillaceous, abundantly foBdllferoue; exposed 3 

Above the beds in this section is a considerable thickness represented in the following 
section measured on Hill street by Professor Calvin ; " 

Section of Qdlena limestone on Hi& itreet, Duiniqae, 

Feet. 
3. Thin-bedded Galena limestone, earthy, noncrystalline; the layers ranghig from 10 to 12 Inches 
near the base to less than 3 Inches In thickness near the top; upper part of this member very 

sh^y; i^TT\KaaatomliaLing<ilaiovien!i«,MoipiralerUlcuiaHt,ui'iC(imilaTialrcaU>neniis 30 

I. Well-dolomltlied Oalena in layers ranging from l to 2) leet In thickness; with softer hods near 
the middle, which frequently dlsinlegrale so as to form caverns; basal part only of this 
member represented above the Reoeptaoulltea beds at Eagle Point 30 

The beds forming No. 2 of this section are fairiy representative of the uppermost portion 
of the formation. They are thin-bedded, earthy, soft, and nonciystalline. Dolomil zation 
is imperfect. The layers range from 3 to 10 or 12 inches in thickness, the thicker beds 
being near the base and the layers becoming prt^resaiveiy thinner toward the top. Shaly 
partings between the strata are more common in this division than elsewhere in the forma- 
tion. The thickness of the bands of shale in the upper part beratme equal, indeed, to the 
thickness of the alternating layers of limestone. As a matter of fact the limestone in the 
very upper part is not infrequently reduced to mere rows of disconnected nodules embedded 
in clay. This member of the Galena is directly overlaia by the Maquoketa shales. Its 
thickness is somewhat variable, but avenges about 30 feet. This division is not definitely 
separated by any well-marked line from the member below. It has beds of fairiy good 

'Iowa Oeol. Surrey, vol. 10. 1900, p. 43S. 
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quarry atone toward tbe base. Hie calcareous bands and nodules ot the upper part are 
practically worthlesa. 

Thiehteas. — The Galena formation in this diatrict has an average thickneaa of aljout 240 
feet. Toward the north it thins to a posaihle minimum of 200, but the imperfect exposures 
make these figures somewhat uncertain. Near Hasel Green and Duhuque, where the entire . 
thickness is preservec), there are approximately 250 feet of this formation. 

Foasilg. — Mr. Ulrich supplies the f<dlowilig notes upon the fossils of the Galena: 

Eioept at a fev llmLtWI horizons, In vhleb organic remains are often abundant, the mala dolomltlc 
body ol the Galena cairles comparatively lew recognizable losslle. The basal limeatones and shales 
are hlghlr rosslliCerauB. In thsM beds a, numtwr ol brachlpods and pelecypods, namidy Orlhii tHccaa-' 
via, O. pttUntOa, O. teaUidiBaTta, PUaatnboniUi, Lapurna tharloUr, certain varietiee of Xafltiftquitia 
aUemala and Slrophomena tncurcnfa, Cletiodoitta aalartefonaii, and Vmttaemia molo are more or less 
common, and, except the first, which occutb also in the Flatt«vllle, highly characteristic. Over a large 
part of the area the basal 3 or 4 feet of the Qalena contains a thin-bedded Sne-grained limestone charged 
with ifarin«|71iJ7U, CfnwdoiUa and moat of (he other (obbIIb just named. Avery large variety of Cirau- 
PtuplmreEanfAfnttti Is another of the characteristic foeeUa of this bed. Bryozoaare practically wanting 
in this i>ed, but farther northwest, where dlQerent conditions prevailed, these are abundantly repre- 
seiitAd in oorrespondlng strata. 

In the section given above it will he not«d that reference is made to two Receptaculites 
zones. These are very important and helpful in working out the stratigraphy ot the r^on. 
While the fossil Receptacidiita cweni (Hall) occurs sparingly throughout the formation, there 
are two horizons at which it is particularly abundant and nearly always present. The lower 
occurs from 35 to 50 feet above the base of the formation. In other words, it marks rather 
closely the separation between Nos, 2 and 3 of the generaUzed section, the first flints in the 
formation being at this horiioa, or juat a few feet above or below it. This horizon is exposed 
at many places throughout the district. The upper horizon occurs about 60 feet below the 
top of the formation. It is even more marked than the lower one just mentioned, but as 
exposures of this part of the formation are less common, it is not often seen. 

A few specimens of a hrachiopod of the genua Lingida occur in the Galena, especially in 
the upper thin-bedded parts — that is, in No.- 5 of the generalized section — and at Dubuque 
there are certain horizons at which gasteropoda are abundant. 

RdtUWM. — It is aside from the purpose of this report to discuss the general stratigraphy 
of this ares in its relations to tliat«f surrounding regions, Mr. E. O. Ulrich is now engaged 
in studies doaigned to afford the basia for such a diacusaion. The relations of the dolomite 
to the nondolqinit ic phase of the Galena haye been discussed in detail by the author and 
Professor Calvin in connection with their description of the geology of Dubuque County, 
lowa.o To that paper the reader is referred for fuller details than are given in the following 



Field evidence, coupled with that derived from a study of deep-well sections in the area to 
the southwest, indicate that the beds here referred to the Galena conatitul« a natural geo- 
logic unit marked by persistent life zones at various horizons. Formerly it was customary 
to recognize as Trenton the beds here referred to as Plattoville and in addition such portion 
of the overlying beds as was not dolomitic. It may, however, safely be assumed that, aside 
from the shaly portions, the material originally composing the formation was calcium car- 
bonato derived from the disintegration of organic skeletons, and that in certain parts of the 
geologic basin the calcareous beds, or some portions of them, were altered to dolomite. The 
process of dolomitization was more complete in some parts of the basin than in others, and 
affectod the strata through a much greater thickness. As a result of the alteration, bedding 
planes were obliterated where the layers were not separated by bands of shale, and thus the 
massive ledges that are recognized as characteristic ot the Galena were piiiduced. Traces 
of fossils were, to a very large extent, blotted out; this being particularly true of hrachiopod 
shells and other forms which blended homi^neously with the matrix. It is believed, there- 
fore, that the dolomitic beds in certain portions of the area are the equivalents of other non- 
dolomitic beds elsewhere, and that the process of alteration from limestone to dolomite fol- 
lowed their original deposition. 

"Iowa Qeol. Survey, vol. 10, 1900, pp. 402^1. 
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Ddhmitizalion. — Neither limeatQoe nor dolomites are formed, with uairaportaDt exc«p- 
tioQS, through mechulical laecuis. They inilst be the result of either primary or secondani' 
chemical action. 

Taking first the case of limestones, but littia study is necessary to show that while it is 
possible that tbej may be formed by direct chemical precipitation from a saturated solution, 
or bj the action of springs, as a matter of fact moat limestones seem to have lioen formed 
through the action of marine animals which secrete lime te form yarious hard parts of their 
bodies, and these sheJIs and other remains, in part broken up liy the waves and possibly 
recemented by percolating water, later perhaps recrjatallized intu a homogeneous mass, 
" make up the bulk of known limestones. The limestonea of this region afford, so far as can 
be discovered, no exception to this rule. It is further clear that they were formed within 
relatively shallow water, since they were atill within the reach of aa occasional incursion 
of mud. 

The dolomitized Galena beds were manifestly deposited under somewhat >dilTeFent condi- 
tions. It is ciear that they were not generally within the limits of mechanical sedimenta- 
tion after the basal beds were formed. The manner of preservation of the fossiU, the forma 
which are normally preserved in the limestone occuiring in the reverse, or as casts, in the 
dolomite, seems te indicate that the rocks as originally deposited were not dolomite, but 
limestone, and that they were changed later. 

llie partial substitution of magnesiuna for calcium in ordinary limestone takes place 
readily at ordinary temperatures until a condition ot molecular equilibrium, represented by 
dolomite, is reached .a 

In the Mississippi Valley, as elsewhere, dolomitization has been both local and regional. 
Local dolomitization is definitely related to particular fractures, and is believed to be due to 
the action of ordinary undei^round waters. Dolomite found in connection with the Joplin 
ore deposits ^ords an excellent example^ of local dobmitization. The attempt has been 
made to refer the regional dolomitization of the upper Mississippi Valley to similar agencies, c 
but the necessary reduction in bulk, estimated as 10 to I, is greater than the field evidenc* 
ndicates has occurred in this region. A much' more probable explanation is that the change 
occurred while the rocks were still beneath the sea, after the limestone was formed, but before 
it was elevated above the water or completely buried by succeeding beds. It is known \hal 
both magnesium and calcium are held in solution in sea water in small but appreciable 
amounts, and that the magnesium may under certain conditions be deposited directly as a 
carbonate. Klement has shown by experimenfl the action of solutions of magnesium salts 
on powdered aragonite crystals and coral by exposing these to the action of magnesium sul- 
phate in a concentrated solution of sodium chloride. Action began at 60° C. and increased 
to 91°, with a maximum yield of 42 per cent ot magnesium carbonate, which, in the presence 
of calcium carbonate, would crystalli/* in time as a true dolomite. It is to be noted that 
these conditions would all be readily reproduced in shallow sea basins, such, for example, as 
the inclosed lagoons or atolls. This is in line with what has been actually observed in coral 
atolls." 

In inclosed basins of sea water m^nesium chloride is often in considerable excess 
over the sodium chloride./ Evaporation of the -sea water tends to make the solution 
continually stronger, so that there is a constantly inereasii^ tendency for the magnesia 
to enter into combination with the lime rock which may be believed to form the basin 
of the pool and to have been deposited mainly, as usual, through the action of living organ- 
isms. The actual formation of dolomite under such conditions has been observed, and it 
is believed that the conditions were similar in this region when the rocks were formed, 

"Van Hise, C. R., Treatise on metamorphlam: Mon. U. S. Geol. Survey, vol, 47, 1905. pp. 798-808. 
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UAgUOKBTA SBALB. 

Nanie and IhwhMtt. — Above tha Galena, io the long slopes that lead up to the mounds 
and the Niagara escarpment, is a body, 140 to 175 feet thick, of blue to green shale with 
occasional bands of limestone and dolomite. Thia formation was eotirelj overlooked by 
Owen fnd the earlier investigators, but waa r«o»gnized by Hall and corpelated with the 
"Hudson River" shale of New York." There has been a great deal of discussion concern- 
ing the fonnation.6 In Illinois' and Wisconsin d it has been customary to use the f«rm 
Cindnnati for this body of rock. Without going into the general question of the correla- 
tion and age at the formation it will be sufficient for present purposes to adopt and use the 
local term Maquoketa, proposed by G. A. White' for the beds developed in the Iowa por- 
tion of the Seld. 

Dialrih^ion and eharaeier. — The Maquoketa is best developed in Iowa and Illinois, in 
the southern part of the region. It has been very generally cut away by erosion in Wis- 
coDsin, and only around the mounds ia it preserved in its full thickneaa. The lower portion 
of the formation b perhaps best exposed near Graf, Dubuque County, Iowa, where the fol- 
lowing section was measured in 1S99 by Calvin and Bain:/ 

Section <ff Maqaoketa shale at Graf, Iowa. 

Ft. [n. 

17. Drab to black, argUlareous.UBlowilUBroua 2 

18. Slith Ortboeeraabed; brownfab, hard, granular, nonflaatla sbale, with nuniBroua epedmens of 

Orftocercu lodajf. together with cephalic shields and p^^gidla ot Calymene BtanaUatat 1 2 

15. Shale, drab, very Hsslle, aotnewhat Bandy, no foaalla 1 i 

14. Fifth OrthoceTaa bed; light browD, earthy, nanlainlnaled, rather hard layer, which aonie 
writers have described as llmeslone; not very calc«rous; crowded with ahelle of Orthocerat 
todaU,. which are geoeraliy oru^ed and otherwlao Imperfect, some of the partially decom- • 

posed Bhella atlll retaining the original nacreoua luster 1 

13. Fissile, slaty shale, dark gray In color, containing many blade-like or slieath-i Ike Impressions 

of Spoftopora iouJsnifs Uirich 6 

12. Fourth OrthocersB bed, ilthologlcally the aame aa No. U; onhoetrat very numerous and 

crowded, more perfect than In U 6-S 

11. Shale varying In thickness, dark gray in color '. 1-3 

10. Third Orthoceras bed, resembling 12 and 14 10 

0. Thhi bedof dark, Sselieahale; Irregularastothlckneaa, In soma placea reduced tea men part- 

ing 1-3 

S. Second Orthoceras bed. Ilthologlcally ilka 10, 12. and 14 1 

7. Shale, dark brawn, Imperfectly laminated, rather coarae grained and earthy, crowded with 

Diptoj^mpftupeoato........ ........................... ^............,..........1............. 5 

fl. First Orthoceras bed, like No. S 4-8 

5. Shale, brown, flsalle. lossflllerous 7 

4. Shale, earthy, granular, nonlamlnated, with many comminuted toasila and perfect shells of 

CoUolua lourfTMfd, UvTckisofna gracitis, Ltosptra micufa, and other species 2 

3. Shale, dark blown, nonfiselie, with a species ol I/itvtila ibree-elghlha of an inch long and one- 

2. Shale, dark bluish-black, fissile or slaty, containing large numbers of LeptoboiUB occldfuiaha 

and two apeelee of lAngula 2 2 

1. Shale, brown or black, nonHsalle. loeelle rare, occaaionai aperimena of a Lingula half an inch 

long and threfrflighths of an inch wide 6 

Apparently the lowest beds of the Maquoketa are not represented in this section. The.ie, 
together with much of the Graf section, are shown in the following, also measured by Calvin 
aDd Bain : D 

B Foster and Whitney, Geaiogy Lake Superior Land Diet.. IS51, pt. 2, pp. 14S-151. 

>• For summary and citations see CalvUi and Bain, Iowa Oeoi. Survey, vol.' 10, leoo, pp. 431-432. 

dOeology of Wisconsin, vol. 1, 1883, pp. 170 el'seq. 
• Geology of Iowa, vol, 1, 1870, pp. 180-182. 
/ Ibid., vol. 10, leOO, pp. 435-438. 
« Ibid., pp. 436^140. 
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Seetiim of Maqaolceta ahaU near Bxtla MiU, Dubuyiu County, Iowa. 

Ft. In. 
D. Blue sDd . green plasticclay Btmles, cooeealed in glope, eicepi at contact with No. 30; thiclc- 

neaa not meaaured 

B. Shale, yellowish , weathBring to plastic clay 1 

" ' " rated, stony beds, yellow 3 

!, laminaiM, fissile, yellow ^.. 2 

I, Dark drab, noufiBsile shale contalnioe a few spsdmsns of a mull OrtlactTiu. a dilTeieat specleB 

(rem O. JodaJe Hall 3 

Ue, alaty, bluish ahale, weathering yellow S 

ow, stony, calcareous, aoolamlnated bed, with some specimens of MurdtUonia f/raciks 

Id numerous smaU liORuIas 3 

b, elftty flhale, equivalent to Noa. ieaoiJ 17 of Oral flpction 2 

1, Fifth Orthoceraa hod ^ 40 feet above base of tile fonnatloa 1 

». Shale, equals No. 13 ate ral 8 

9. Fourth Orthoceras bed, equaJa No. I2at Oraf 8 

B. Thin seam of ahale, equal to No. 11 at Giaf 3 

7, Third Orthoceras bed, equal to No, lOat Gral 10 

;, equal to No. 9 at Oraf 2 

ad Orthoeeraa bed, equal to No. Sat Oral 10 

I, Dark, fisaile ahale 3 

1. Nonlanilnated ahale, with sheila of JlfufeJMjonlfl fffiwiU* .' 3 

!. First Orthoceras bed, equals No. 5 of Graf section 8 

I, Drown, flsslle ahale, equals No. a of Graf section 1 

ajninated, lossllifefoua bed, equal to No. 4 at Oraf 2 

rn, fiaaile shale, equal to No. Sat Graf 2 

*. Earthy, loBaUiferoua ahale, not represented at Oral 2 

■ -■ ,BlatrHliale, withthoIoBsllBotNo. 2atara( 1 2 

6. Hard, yeUowiah, barren shale 3 

5- Lamlnateii ahale frith the large lEuguiaa of No. 1 at Graf.... ................_........... 13 

ir Bluish or drab, laminated shale, with traces of graptolitee and Dumerous apKcimena of Lep- 

(otolusand lAngala In the lower part; upper part barren 8 

3. Bluish, unfossiilferouB, laminated shale 8 

Z. Shale, variable in color aad teiture, bu t io general nonlBminated and coarse; very fusailifenius; 
earries a small species of Onbocerai, Liatpira micula, Plairotomaiia depasperata, HyoUIha 
parvioMulus, Cleidophoms lugltchLt, and CtenodorUa ftamda: tbe last-named species very 

ively thi, 

The lowermost bed of shale fouod in thb section, with its peculiar assemblage of fossils, 
is eapeciallj characteristic of the base of the Maquoketa, and has been found at manj 
widely scattered points throughout the region. 

Above the beds illustrated in these sections, there is a considerable thickness of very 
plastic blue day, usually but not always nearly free from included limestone bands. Near 
the tiip uf the formation the limestooe or dolomite bands become more and more importiuit 
and the shale partings less conspicuous. Along the Illinois Central Railroad between 
Scales Mound and Apple River there are true rock cuts in this fomiatiun. 

FossUa.—Ttie Moquoketa na a whole is veiy fossil if eruus, but owing to the poor expo- 
sures there are few good locations for collecting. The character of the fauna of the lower 
beds has perhaps been sufficiently indicated. 

At the top of the formation at tnany places fossils occur in groat abundance. The thin 
plates of Umestone and apparently also the intercalated shales at this horizon, are highly 
magnesian, and the fauna itself is veiy different from the one found at the base of the forma- 
tion. Hie following species, collected near the tops of the mounds 2 t^i 4 miles south of 
Shullsbui^ and determined by Ulrich, are characteristic of the beds: 

Monotrypella quadrate. Dlnorthla subquadiata. 

Monotrypa rectimuralis (?) Hebertella octldenUllH. 

Heterotrypa alagularla. Flatyatrophia acotllirata var. 

PleetambonLtes saxea. Rhynchotrema capai. 

Leptlena microcostata. Rhynchotrema perlamellosa- 

Fiectorthis nhitfleldi, Rhynchotrema <T) neenah. 

This association of species laaves no doubt of tbe Riclimond age of the.bed ■ 

idbyL.OOgIC 
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Rdaiions. — Tlie relations of the Maquoketa ta the Galena, while probably those of udcod- 
formiCy, are not altogether clear. The Galena dolomite ia considered to be of Trenton 
nhile the Maquoketa caniea fossils of Richmond BgR. Between the two there ia in the 
east a ITtica shale, which has no certain representative in this r^on. Jt has been held by 
some that the Maquoketa accordingly leata unoonformably on the Galena. J. F. Janea o 
detected, as he thou^t, distinct evidence of unconfonnity near Dubuque. Calvin and 
Bain^ were unable to confirm his observations, and Sardeson,' aiguing from paleontologic 
data, would disregard alUi|!;ethef the obvioua litholo^c change from dolomit« to shale and 
join with the Maquoketa moat of the Galena beds above the upper ReceptacuJites zone. 
Iheae citatioaa a-re peHiape enough to indicate in what confuaion the matter stands. For 
present purposea it ia sufficieut ta point out certain lines of evidence which indicate that 
in the particuUr area atudied, there ia no physical evideoce of unconformity. 

It haa already been shown that the uppemioat beda of the Galena formation are charac- 
terized by thinner bedding with heavier clay partings. (PI. V, A.) These beds are ex- 
posed in quarries near Dubuque, and may be seen near Graf and at other points in Iowa 
and in Illinoia. lley have a thickness of approximately 30 feet, which is fairly constant, 
llieycarrya distinctive fauna, particulariy a ledge in which lAngula iowenms is very com- 
mon. Heir base is approximately 30 feet above the upper Receptaculites horizon. The 
beds are not easily confused with the other menbec^ of the Oalena section, and it is difficult 
ta eee how any process of weathering would give the lower lying beds similar cbarBcteristica. 

So far as observation goes, and wherever suitableexposuresareavMUble tor study, these 
beds fortn the top of the Qalena section. In the Dubuque mines, where it is customary to 
sink through a portion of the shale into the Galena, these beda are not so well defined as in 
the quarries, since weathering has not accentuated the bedding. Even here, however, 
certain other ledges &re conunonly and easily recognized at the usual distance below the 
shale, 90 that there is little reason to suppose that any portion of the Galena was renewed 
by eroaon before the Maquoketa was deposited. The base of the Maquoketa is generally 
equally well defined. While, as shown by the two sections given, the same bed is not 
always present, it usually is. The bed most characteristic of the horizon is that found in 
the Hills Mill section, which contdns fossils determined by Professor Calvin, as Clddo- 
phonn tu^tdas, lAosjnra micuZa, FteumUmiaria depauperala, HyUilhes parmuscidia, and 
Ctenodortlafecunda. With these fossils are a number of small pebbles or pellets of calcerous 
material. These are the beat evidence of unconformity. They indicate in conjunction 
with the Uthologic change from dolomite to shale and the introduction of a new fauna, a 
certain readjustment of land and aea. 

It ia believed that they do not necesaarily indicate such a period of elevation, eroaion, or 
depreaiion as is ordinarily connoted by the term unconformity, hut rather a change in 
shore line in some adjacent area, by which sediment previously excluded from this particu- 
lar baran was introduced. That thia change was gradual rather than sudden is apparently 
shown by the increasingly thicker clay partings between the layers of dolomite near the 
top of the Oalena. 

SILUBIAN ROOKS. 



Name. — Above the soft ahale of the Maquoketa is a body of fine-grained dolomite, cariy- 
ing more or less chert. This forms the uppermost member of the stratigraphic section in 
the area. Tbe beds in the lead and zinc district form only the lower portion of the great 
thickness and strata which have long been known collectively as the "Niagara." 

D Am. Oeologist, vol. S, 1S9(), p. 344. 

'lowaOeol. Survev, vol. 10, 1900, p. «o, 

'Am. Oao^Ut, vol. 18, 1896, p. 366, vol, 19, INT, p. 22. 
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Thidmeia and chiracter. — The beds cap the moimdB and the high eacarpment which 
hems in the territory to the xouthweat, A thickneaB of ISO feet is present. The com 
aponding beds h&ve been studied in some detail in Dubuque County, Iowa, where the 
following section has been made out: 



General section of the Niagara formation in Dvhvqiu Cotmty, Iowa." 



7. Upper qilarn 
e, CeiionltM be 



*. Synngopora beds 

■t. Cbert-b*arlng bed*. . 



I. Basal 1>eds. 



TolsL. 



Id general the Niagara dolomite is lighter colored, fine textured, and freer fratn small, 
irregular cavities than the Galena. It is usually not difficult to diatinguish them, thou^ in 
places it requires a knowledge of their fossils to do so. 

Within the mining district beds I to 5 of the general section are present. In the bounding 
escarpment the higher beds are perhaps present. The Niagara is not here an ore-bearing 
rock, and it is of Interest merely as limiting the district to the aouth and west. 

Foe^h. — The remains of organic life in this fortoation, as exposed within the Duning dis- 
trict, are not very abundant, but on the top of the Weat Platte mound three, compound 
corals — HalysiUs aUenidatva Linnieua, FaoosUea favoara Goldfusa, and Favosites niagarendt 
HaU — occur rather plentifully. On this mound there are also m^y casts of the brochiopod, 
PeniamtrMS obUmgua Sowerbj. These occur in loose flint masses that probably belong to a 
horizon higher than the corals mentioned above, which occur in place in the dolomite. 
. fttrATSUTABT SEFOSITB. 

Gentnd charader, — The Quaternary d^osits of the area have been treated in some detail 
by Chamberiin and Salisbury,!' Calvin and Bain,!: and Grant,'' ao that only a few words con- 
coming them are nocesaary here. 

The depoaita include reaidual clays, which may represent the whole of Quaternary and 
possibly a portion of Tertiary time; loess, which in the main, at least, ia of Pleistocene age 
and is to be correlated with the Iowa drift sheet; terrace gravela and ailts, which are of 
Pleistocene age and,so far as definitely fixed, belong with the Wisconsin drift; and alluvium, 
which is post-Pleistocene, or Recent, in age. 

These deposits lie within the Driftless Area, and although both Sardesone and Squire 
have raised some question as to the ejitire absence of glacial deposits in this area, it may be 
safely said that there ia no sustained evidence of either local glaciation or the invasion of the 
area by the fringing ice sheets. 

SeMdval day. — The deep-red sticky clay containing small piecea of chert and limestone, 
which may bo noticed at many points below the loess, represents the reaiduum from the 
decay of limestone and dolomites. Grant has calculated/ that 10 feet of thta represent 100 
feet of preexisting limestone, and it is accordingly an impressive token of the large amount 
of erosion which the region has undei^ne, even if it is nowhere very thick. 

Loess.— ^The light-buff earthy clay which forms a thin mantle extendii^ from the Mis- 
sissippi eastward and from the edge of the drift to the river bluffs on the west represents the 
loess. It has not been restudied in detail, but there are no known reasons for doubting that 
it forms a portion of the general loess sheet of this region. It is significant in that it mantles 
the hills and valleys in such fashion as to indicate clearly that almost no erodon has occurred 
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where it lies as compared with the erosion that took place id the area before it was laid 
down. The dissection of the old penepl&inb; the present streams was almost wholly accom- 
plished before the loess was deposited. 

Ttrrace defonU. — Along the IBssiaslppi there is a well-defined terrace, underlun by 
gravels and aands of glacial derivation. It may be traced up the river and certain of its 
branches caunccted with the Wisconsin drift sheet, and fur that reason has been regarded 
aa of Wisconsin age. It is possible that older terraces, representing earlier stages of the ice, 
are confused with it. 

Many of the streams tributary to the Mississippi have their sources wholly within the 
Driftless Area. The terrace occurring along them is accordingly underlain by mat«rial of 
local origin, laid down in quiet, ponded waters at the time the main terrace was formed in 
the Miflsiasippi Valley. This material is a fine silt or clay, closely laminated. It is shown 
in the city of Galena at many points. Grant Park being located on the top of the terrace. 
(See fig. I, p. 12.) 

AUuvium.-^la time of floods the streams are now, as in the past, depositing beds of allu- 
vium, so that insular stretches of bottom land are found along them from their mouths 
well toward their sources. No attempt has been made to represent these areas on the map. 
In general they are irreguUr, and the streams have rock bottoms. Near Hanover the 
Galena dolomite occurs in the bottom of Apple River for nearly 2 miles below the point at 
which the dip carries it below the terrace. At Galena, on the other hand, Fever River, like 
the Mississippi, is running over a filling of Quaternary age. Opposite Dubuque the rock 
bottom of the Mississippi occurs at depths ranging from 405 ia 452 feet above' sea level", a 
fact that has been frequently interpreted as indicating a pre-Glacial or inter-Olacial elevation 
of the area. If this be the correct interpretation, the period of higher elevation was too 
short to influence the tributary streams any considerable distance from their mouths. 

In view of the large importance of scour, to which J. E. Todd has c&lled attention,^ and 
tbe evideDtly lai^ volume of the Mississippi at certain times during the Pleistocene, it is 
poaaible that the depth of tbe valley is not a measure of an earlier elevation of tbe laud. 

GEOLOGIC STRUCTUBE, 
OEmBAL FEATUKBS. 

Oeiural dip.— Tbe rocks of the zinc and lead region have a sli^t dip to the southwest 
Near Dodgeville the base of tbe Galena formation touches points as high as 1,120 feet above 
the sea. In the southwest corner of tbe area shown on the Dubuque special sheet there is 
one local basin within which the same bed goes down to 510 above sea. Near Highland this 
horizon reaches 1,100 feet, while at Buncombe it drops to 660. These figures would corre- 
spond to a general dip of approximately 25 feet to the mile, measured in a southwest direc- 
tion, or of 15 feet to the mile from north to south. 

Load dipa. — At various points the dip is much greater, and at a number of places amounts 
to 60 feet in a half mile. Near Meeker's Grove there is a change of elevation o( 130 feet 
within a half mile, but this, both in amount and degree, is unusual. In a few instances very 
local dips of 8" to 10° have been observed, but these are by no means general. Differences 
of elevation of 30 to 50 feet are common and are very iiregularly distributed. They result 
in certain depressed areas or basins, which, although irregular In form, are usually better 
defined than the intervening elevations. 

LOCAL FEATUSEB. 



While it has proved impossible, with the data at hand, to detect any system in the distri- 
bution of these undulations it is possible to discriminate several types. Grant has recently 
studied these in connection with the making of detailed maps of tbe productive districts for 
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the WiBCODsin Geol<^caI and Natural History Survey. Upon these raaps, Bupplemented 
by othera made by the Unit«d Stales Geol<^cal Survey in the course of the present atudiea, 
the structure is shown by means of contours repreHenting the base of the Galena formation. 
Within the area surveyed four types of structures may be recognized: (1) Broad, shaliow 
basins; (2) flat monoclinee; (3) sharply asymmetric anticlines; (4) canoe-shaped basins. 
These are described and iUiistrated lieluw. 

Shaltow basins, — The basin in the Dodgevillo area (fig. 41, p. 109) illustrates this type. 
It is a broad, shallow basin 20 to 30 feet deep, 1} to 2 miles wide, and of rather indefinite 
length and outline. If more data were available it is probable that the basin might be 
somewhat better defined on the map, but it none the less represents with fair accuracy a type 
that is common in this region. Similar basins may be seen on the other ^>ecial maps, par- 
ticularly on the Mineral Point and Highland sheets. 

Fl/U monodines. — Closely related to the broad, shallow basins are the flat monoclines, an 
excellent example of which occurs a short distance west of Shullsburg, Wis. . It is illustrated 




in fig. 4, Therocksheredipto the southwest 50 feet in a half mile, then lie nearly horizontal 
for approximately three-quarters of a mile, only to dip off to the southwest again 40 feet in 
a halt mile. Only the upper portion of this latter slope is shown in the figure. The broad, 
flat belt between the two monoclines is not quite level, and, as is shown by the closed con- 
tour, there is one shallow depression of 10 feet or more. It is this depression that links the 
flat monocline to the broad basin type already discussed. 

Asymmelrif: aniidin^s. — By accentuation the flat monocline becomes the asymmetric anti- 
cline of which the Meeker's Grove area affords an excellent illustration. (Fig. 24, p. 89.) . 
This fold has a long, gently rising southern limb and a shorter northern one, of considerably 
steeper dip. In about 2J miles the St, Peter sandstone rises along Fever River from 818 feet 
to 900 above sea level. In the next quarter of a mile to the north it descends 90 feet, and in 
the half mile 130 feet. The Platteville and Galena formations arch up over the sandstone, 
maintaining their usual thickness. This type of fold is common in the i^on and many 
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illustratioDa of it can be found on both the speciftl maps. The amount of deformation ia ao 
great that aucib folds can berec<^nized ia the field bj means of ordinary sectious and do not 
require the close structural studies necessaiy to re>Gognize the others. 

Oanoe-iihaped basiiu. — True canoe-shaped basins, miniature representatives of the Appa- 
lachian tj^, are present in this region. Ilese are from 30 to 60 feet deep, from a half mile 




to a mile wide, and from 3 to 8 times aa long as wide. They are usually deeper at one ena 
than the other, and so are true pitching troughs. Such a basin is shown in fig. 5, representing 
an area near Miffli n, Wis. Equally good examples are noted on the Linden, Platteville, 
and Dubuque sheets, while portions of such basins are shown on practically all the maps- 
It will be noted that this type shows certain kinship to the broad, shallow basins and at the 
same time ia in a nay complementary to the asymmetric antichnes. 
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OF BA8IMB AHD AMTICLUTES. 



UDfortunately the detailed maps ace not sufficiifintly nuroenius to allow the relntions ot the 
baains in one area to thos:! o! another to be detertnioed, aud the baains themselves are so 
smaU and shallow that it ia difficult to detect them except by moat careful detailed mapping. 
The aajmmetric anticlinea being the more pronounced, can be to some extent located by the 
expoaurea. In the earl; literature of the region much naa made of these anticlines, or "cen- 
tera of elevation," as they were sometimea called. Both Percival o and Murrishfi devoted 
much energy to their diacoveij. Chomberiin has summarized and discussed IJiese observa- 
tions,c and the reader is referred to his discusaioD for details. 

It ia perhaps aufficiefit to indicate that the major structural axis of thereon is a geaerall; 
NNW.-SSE. uplift, which runs a little east of the productive region, and that within the lat- 
ter the most pronounced structural features have a general NER.-SWW. trend. The indi- 
vidual anticlines are not known to be peraiatent acrosa tbe whole territory, but aeem to give 
place longitudinally to basins. For example, there is aeeminglja structural ridge extending 
westward from Jonesdale, passing north of Mineral Point and Mifflin about to Livingston. 
From this point westward toward Anniston and Stitzer lies a basin with a ridge to the south. 
South of Mineral Point a second ridge occure, which may be traced westward about on the 
lino between Iowa and Layfajette counties, Wis., to Platte River, Still farther west, on 
Grant River, there ia a basin with elevations to the north and south. TTie Meekers 
Grove anticline ia poasibly to be correlated with the outcrops of St. Peter aandaWne, near the 
mouth of Platte River. At Eagle Point, near Dubuque, an anticline brings the Platteville 
above the river level, but this elevation does not seem to extend more than a few miles 
either to the west or the east. 

All such tracings of uplifts and correlation of structural features over the re^ona aa a 
whole rest on very meager foundation and must be received with great caution pending the 
completion of additional structural maps. 



The origin of the anticlines and aynclines of the region has been discussed in some detail 
by ChamberUn.'' He reached the conclusion, with which the author fully agrees, that they 
were due to the conditions of deposition modiUed in part by deformation due to pressure. It 
is possible that a third factor may be worthy of consideration — namely, settHng incident to 
the cODsolidation of the beds. For convenience in discussion, attention may be centered 
upon the basina or synclines, the ridges or anticlines being understood to stand in antithesis 

Basing of aedimeniation. — As noted in the descrlptioD of the formations, there are sev- 
eral unconformities in this area. At the base of the St. Pet«r sandstone, to go no lower, is a 
marked unconformity, and when deposition of the sandatone began there were local inequal- 
ities ot the sea bottom of 70 to 80 feet. There ia a tendency in sedimentation to perpet- 
uate basins already formed, a phenomenon of which the permanence of the ocean basins is 
itself an example. Smaller basins down to the smallest show the same tendency. Whether 
or not it ia manifested in the overlying sediments depends on many factors, Including the 
character of the beda, their thickneaa, and the speed of filling. Local irregularities of the sea 
bottom may be completely obhterated in any given period of deposition, but, on the other 
hand, they may be perpetuated through a conaiderable thickness of overlying sediments. 
In the upper Mississippi Valley the basins present at the beginning of St, Peter deposition 
seem not to have been entirely obscured by the deposition of the sandatone, ao that at the 
beginning of Platteville time there were numerous irregular and very shallow depressions. 
It there was any erosion between the close of St. Peter and the be^nlng of Platteville time, 

a Percival, J, G,. Ann, Kept, Geol, Survey Wleconsln, 1855. pp. 22-27. 
'Murrleh.Jotiti, Report as Ck>iniiiiBSioDei lor the Survey oltlie Lead District, 1871. 
' Geology of Wisconsin, vol, 4, 1882, pp. 422-438. 
itlbicl.,p,<120etBeii. 
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these baaina probablj would have been deepened and the inequaliljes of the snrface accen- 
tuated. The same principle applies with r^ard to the contact between the Galena and the 
Platteville, and it ia inhereatly improbable that the Galena at its beginning was deposited 
upon an absolutely smooth and level surface. Inequalities of some sort must have been 
present. It remains only to inquire whether there ia any evidence connecting the present 
structural basins with the probable original ones. 

A study of the sections already given shows that there woa at least some 4IfTerence in the 
character of the sediment within and without the ba^ns in early Galena timea. The con- 
trast between the Darlington and Platteville sectiona is instructive in (ha connection. In 
the Platteville area there is thick oil rock, and the sections show considerable thicknesses of 
shale. At Darlington there is almost no oil rock, and the shaly beds that mark the base of 
tbe Galena at Platteville are replaced by massive dolomite. The Platteville sections are 
within one of the structural basins. The Darlington section does not seem to be, llie 
same contrasts may Vie observed between the Eagle Point and Spechts Ferry sections. 
TliB difference may be due, as has been suggested, to the fact that iu one case certain beds 
are dolomitized, and hence not easily reci^nized, which at other points are unchanged. 
Thia would not, however, account for the different^ in amouat of argillaceous material pres- 
ent in the shales of the basins and absent elsewhere, so that there have been at le.ast some 
differences in sedimentation. Not only is there more ai^Uaceoua matter within the basins, 
but it is there that the greater amount of oil rock is present, and thia indicates the local 
accumulation of plant remains not found outside the basins. Mr. Ulrich finds corresponding 
faunal differences in the basal beds of the Galena. 

At higher horizons, as already pointed out, the same life zones run through both the doio- 
tnitised and undolomitized portions of the Galena. This fact is not necessarily mconsistent 
with differences in the basal beds,smceat the time the higher beds were formed the ori^nal 
iDequalities may have htrgely i^sappeared. 

■ Ilieae differences in amount of argillaceous material, in abundance in plant remains, and 
in faunal facies of the basal beds wan^nt the inference that deposition in early Galena time 
occurred in irregular, partially disconnected embayments or basins, or that there were cer- 
tain shallow irregular areas on the ocean bottom in which sedimentation was peculiar. 
Granting that the water itself was shallow, it is likely that the showers of alg», whose 
remains especially characterize the oil rock, would be awept into the slightly deeper basins 
by currents and would there rest. This hypothesis does not, however, offer any adequate 
explanation of the greater amount of shaly matter present in such places and lately absent 
elsewhere. 

If, on the other hand, these basins be considered to represent drowned river valleys only 
partially filled by Platteville sediments, or embayments at the mouths of the rivers at the 
local beginning of Galena deposition, the presence of shale, betokening mechanical sedimen- 
tation, in the midst of limestone and dolomite due to organic and chemical depo»tion is 
eadly explained. Mechanical sediment is to be expected in greater abundance at the 
mouths of rivers than elsewhere, since a slight change in the attitude of the land far 
toward the head waters of the atreams would give the rivers temporary cutting power and 
increase their load of mechanical sediment. Through moat of Platteville and Galena tjmea 
the land was apparently at base level, and chemical rather than mechanical deposition was 
the rule. The interruption of these conditions shown by the shaly beds was temporary only, 
as hmestono-forming conditions and clear water soon recurred and prevailed throughout 
Galena time. 

While it is seemingly impossible to demonstrate this hypothesis, it may be pointed out 
that it offers also a ready explanation of the long, narrow form of most of the basins, and it 
is perbaps significant that the basins having mostdeliDite form have trends ranging froma 
little north of east to true northeast. It Is in this direction that the land from which the 
material was derived probably hiy. The breaking up of these early embaymenta into a 
series of disconnected basins is probably due Co slight cross folding. 
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The broad, Hhallow baaios of irregular outline Toark appareDtly iess pronounced original 

troughs. The fact that oil rock aai the basal shaly layeis of the Galena are well developed 
only in and around the mines has already been titated. An examinatioo of the aucompany- 
ii^ maps shows that practically all the mioes are in the basina, and these facts seem to 
sufBciently connect the deposita with initial inequalities of the aea floor. 

Bagms of comtAidotum. — Sediments as deposited are rarely dense. They contain much 
open space and are susceptible of considerable compression. This is truer of some Borts of 
sedimenb tlian others, but even in glacial till it has been shown that normal consotidatioa 
is enough to lead Ui the resurrection of rivers blotted out by a glacier and the reexcavation 
of valleys buried beneath a hundred feet or more of drift." Shales and coal settle even more 
in the process of consolidation, and the amount of this settling has been measured and its 
influence on succeeding Formations studied in the case of coal in particular.)) It has been 
found that in many <xaX mines where mountain-making forces hare not complicated the 
conditions tlie thicker coal hes in certain irregular channels or basins bordered by thinner 
coal. Toward the edge of the basia the coal rises and at the same time thins, and there is 
a fairly constant ratio between the amount of the rise and the decrease in thidcneas, rangii^ 
from 1:10 to 1:16. These facts are explained as due to deposition in initially irregular 




basins coupled with unequal settling due to the greater compressibility of coal than rock. 
This settling produces a basin in the overlying ro<:ks if they be soft and yielding, as is shale, 
or causes fractures and faults if they be hard and unyielding, as are limestone and sandstone. 

These facts are significant in the present connection since it is believed that bituminous 
shale undergoes the same changes as does coal, though to a leas degreee, the difference being 
due to the sn(aller amount of oi^anic matter in the shale. The oil rock found in the basins 
of the zinc district contains now from one-third to one-half bituminous matter, and so may 
be assumed to have suffered compression in the process of consolidation, amounting to one- 
third to one-half that of coal. It may accordingly be assumed that 1 foot of oil rock was 
ori^nally equivalent to a bed of mud and decomposing oT^nic matter 3 to 8 feet thick. 

It is difficult to make sure of the thickness of the oil rock itself, since the shale is often di-- , 
tributed in thin bands through a considerable amount of thin-bedded limestone. Ban''*"^ j( 
oil rock alone 12 to 18 inches thick are not uncommon, and a minimum thickness ,'^^^- j. 
3 feet of bituminous shale would probably not be too much to assume. This Trowj ''^ ""'■ 
equivalent of Iti lo 24 feet of original material, and its compression to its present U 
would be enough not only to lead to extensive fracturing in the beds above, but tS 
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tuattf in an important d^ree the original basins in which the deposition toolc place. It must 
be said, however, that such thickneaa of oil rock is not common, and an asaumption ot 1 to 
2 feet, with corresponding settling of 2 to 14 feet, would be much more nearly correct. 
Whik this would atill be enough to fracture the beds above and accentuate the basins, it 
would hardly account for any but the ahallower onea. 

It is important to observe that the oil rock, although practically confined to the basins, 
is very irregularly distributed within them, and it seems much more fitting to regard this 
conaoUdation as an explanation of the minor sags which are a constant and strildng feature 
of the mines than as an explanation of the larger basins themselves. Since, however, the 
patches of oil rock are practically confined to the basins, it should be noted that consolida- 
tion, so far as it might be effective, would work with rather than against the hypothesis of 
initial \nisins at sedimentation. 

Ba«ins of deformation.- It may well be doubted whether the factors so far discussed are 
alone adequate to form such basins as occur. The sharp delinition of the basins and the 
amount of vertical discordance seems to necessitate a belief ill at least some deformation. 




r intervol SOfeet 

Fio. 7.— Struoture-nontour map of an area near Masontown, Pa. (After rampbell.) 
a. 6 and 7 are shown structure-contour maps of two areas, one within the zinc and 
listrict, the other in the coal-mining district of western Pennsylvania. The two maps 
1 the same scale, but that of the Wisconsin area shows contour intervals 10 feet apart, 
the Pennsylvania map shows 50-toot intervals. None the less there is a striking simi- 
in the structure of the two areas. This is heightened when, as in fig. 8, the Pennsyl- 
map is reduced to one-fifth its original scale to give apparently, not actually, the same 
al as the Wisconsin map. 

I Pennsylvania structure is explained as due to deformation produced by lateral com- 
on, and in the absence of evidence to the contrary it seems proper to consider the Wis- 
1 structure an expression of the same sort of forces. Lateral compression, acting on 
alena dolomite between cushions formed by the soft Maquoketa shale above and the 
limestone beds at the top ot the Platteville, would tend to throw it into a series of 
t folds. To some extent the Platteville, cushioned by the soft St. Peter sandstone, 
[ accommodate itself to these folds. The Platteville, however, being much less homu- 
us, would be mainly deformed bed by bed rather than as a whole. ., . 



42 



ZINO AND LEAD IN OPPEK MISSISSIPPI VALLEY. 



The locus (rf the bending in the Galena nould be detennined by die original inequalities 
of the beds, as was long ago pointed out by Chiiniboriin,o in a diamisiion of this r^on and 
later formulated as a general law by Willis'' in his studies of the Appalachians, lie 
defonnation is tber^ore to be thou^t of as merely somewhat intensifying preexistiDg cur- 
vature in the beds. Id the upper Mismaaippi Valley this intensification has evidently been 




slight, while in the Appalachians it has been so great as almost to obscure the initial ineijuali- 
ties. In the zinc and lead district deformation has been at a minimum. A calculation 
based upon a 3-mile section from north to south across the Miillin area — -the area shown in 
fig. 6 — was made by Mr. A. W.Lewis, which indicated a total crustal shortening of 1.58 feet, 
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equivaknt to 0.62 foot per mile. Asimilarmeasurementof Smilesof thePennajlvaniaarea, 
ahown in fig. 7,Teaiiited in a corresponding figure of 3.92 and 1.30 feet. In closely folded 
Breas of the Appalachian the cniatal shortening is currenClj estimated at 5 to 10 times this 



In the early studies of the region there was considerable discussion of faulting, but the 
careful explorations made first by Whitney and later by Strong and Chamberlin failed to 
show any important faults, so that recent opinion has settled down to a belief that they are 
absent. W. P. Jenney," who visited the area about 1892, and W. P. Blake6 are the only 
recent observers who have reported faulting to be present. In the course of the present 
survey careful search was made for evidence of faulting, with only negative results. Dis- 
placements oF 2 or 3 inches were found at a few places, but these represent a ma^timum. 
The cases cited by Percival seem, on the basis of exposures now available, to be due rather 
to folding than faulting. Other apparent faults are more easily explained as the result of 
the unconformities already discussed. The instances cited by Blake near ShuUsburg are 
beheved to be examples of the irregular downward extension of dolomitization in the 
Galena formation. Massive dolomite and thin shaly limestone are found, it is true, at the 
same horizon within short distances of each other, but so far as observation goes there is no 
evidence of a fault plane between, and at higher horiisoos the same bed may be traced across 
from one point to the other. The same phenomena have been seen at so many other points 
where this is manifestly the correct explanation that it seems unneceasaiy to call in another 

Jenney has suggested that horizontal faults are present. Such faulting is difficult to 
recognize, but it is beheved that he was misled by the offsetting of joint planes, due to the 
tendency of stresses to seek relief along the crevice already present.^ Most careful and per- 
sistent search, extending through several lield seasons, has so far failed to develop any clear 
cases of faulting of consequence. Itere are certain general facts relating to the under- 
ground waters of the district which render it extremely improbable that any such faults are 
present, and the writer is therefore constrained to believe, with Chamberlin, that the beds 
are practically unf aulted. 

Both vertical and pitching joints occur within the region. The beat developed vertical 
jointe trend approximately, but rarely exactly, east and west. A less prominent set of 
joints runs at right angles to them, and these are locally called "north~$ouths." Quartering 
crevices also occur and in individual areas may be more prominent than the main sets. 

Pitching crevices cross the beds at angles of 45° to 60° and strike at all angles. In the 
mines, just as the east-weat vertical crevices are most often open so the pitcbing crevices 
paraUel to them are apt to be conspicuous. In individual mines, however, the pitching 
crevices may be traced completely around three-quarters of a circle. 

Both the vertical and pitching joints are excellently developed in the blujf at the east end 
of the Dubuque bridge and are illustrated in Pl.V, B, from a photograph by Grant. The 
fine lines running diagonally from right to left represent the inclined joints. The vertical 
joints are here more widely spaced and less regularly developed. The wide spacing is char- 
acteristic throughout the district, but the irregular development is not. it may be noted 
that in this view, contrary to the ordinary rule, no set of joints is developed at right angles to 
the inclined joints. Such a set is, however, present in the area and is well displayed about 
160 feet north of the spot shown in the view. So far as observation goes these two sets are 
developed normally in proximity, but not in immediate juxtaposition. Between the two 
here, as in the mines^ tliere are two or three weO-defined vertical joints. 

The pitching joints are best developed in the lower portion of the Galena formation and 
are relatively rare above. There are some reasons for thinking the pitching joints are older 

uTraoB. Am. Inat. Mln. Eug., vol. 23, ISM, pp. a)S-213. 
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than the vertictd, but the evidence on this point is not conclusive. Both sets of joints are 
excellently displayed in the Miasiasippi Biver bluff in the southern part of I>ubuque. At 
one or two places here it was observed that vertical crevices were deflected where they 
crossed pitching crevices. This is interpreted as indicating that the pitching crevice, being 
present when the vertical was fonned, partially relieved the strwn. 

Theoriginof the joints is not altogether certain. The vertical joints can be beat explained 
as due to the deformation which produced the folding, since the more important ones show a 
general relation to the folds, running either parallel or at a right angle to them. Hie most 
prominent joints in the vertical aeries at any one point are apt to be those beet situated to 
serve as trunk channels to undei^^^und circulation. At Potosi the main crevicee have a 
northwest-southeast course, while the larger structural basins run in an opposite direction. 
It is beUeved that this is due to the crevices having been rendered prominent by circulation 
of ground water. Minor crevices parallel to the structure are present. 

Chamberlino was disposed to refer the formation of the pitching joints to the same 
agency. They do not, however, seem to show that close relation to the folds which auch a 
reference requires. In considering their origin account must be taken of the fact that there 
are evidently two different sorts of such jointe present in the region. In the vicinity of 
Potoai there is a very small but very sharp little thrust fold, illustrated in fig, 45, Parallel 
to the crest of this anticline are several well-developed joint planea or crevices which oitch 
outward from the told. TTieae occupy the position, with reference to stresses, of the crevices 
devebped by O, F. Becker in his experiments on schistosity and slaty cleavage,* and the 
explanation offered by hint is entirely adequate for them. Similar crevices on a smaU scale 
have been noticed in the mines byC. K, Lelth, and ii is not improbable that they are present 
throi^hout the r^on. These crevices are different in several particulars from the urinary 
pitches of the mines. The most striking and important difference is (hat the inchnation of 
the crevice at Polosi is toward the basin, while it is a uQiveraa! rule that the pitches of the 
mines incline outward from the basin or sag in the mine. In the second place, these crevices 
parallel a thrust anticline, while in the miaee the thrust phenomena are at least unrecog- 
nized, and the pitches strike in all directions. In this connection it is interesting to study the 
map of the area adjacent to the Hoskin and Kennedy mines at Haael Green, shown in PI, X. 
On this map Ellis has traced the underground workings and the pitching joints. To this has 
been added the structural contours as located by Grant, It is difficult to see here any rela- 
tion between the pitching crevices and the structure. A similar map of the Fotosi district 
and studies of other areas confirm the conclusion that there is no relation between the two. 

On the other hand, the relations of the pitching crevices to the minor sag, seen continually 
in the mines, is very definite. It is a rule having a few exceptions that the floor of the mine 
rises to the pitch and that on either aide of the sag the crevices pitch outward. This would, 
it seems, warrant the reference of the pitches to the same agency that caused the sag, and 
they are. in fact, believed to be an expression of the settling of the rocks due to decrease ia 
bulk of the oil rock. Anyone examining the ordinary cross section of a typical sag and 
pitches will notice the resemblance of the fractures to those produced in a brick wall, where, 
for example, a window frame has failed to support its load. The pitching fractures in this 
case areh upward over the settled portion, following in part the mortar joints between the 
brick in a manner strictly analogous to the flats and pitchea in these nunes. Fractures of 
of the same sort may be found in the roof shales of coal mines where the load is not fully 
supported, and are, in fact, characteristic of such situations everywhere. 

Fractures formed after this manner should follow in strike the outline of the settled mass. 
TTiey should approach as they ascend and should finally form an arch whose height is depend- 
ent upon the strength of the materials, the width of the area affected, and the amount of the 
settling. They do not require the formation of a corresponding set of fractures diverging 
upward, as they would if they were formed by vertical pressure affecting the whole thickness 

Wisconsin, vol, 4. Igg2, pp. 4Sa-483. 
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of the rocks, lliej iDay have been formed any time after the rook hecame firm enough to 
fracture, and tiiey may continue to form as long as the oil rock gives off gaa and oil. The 
settling required to produce the fractures is not greater than the amount that is theoretically 
possible as a result of decrease in the bulk of the oil rock — indeed, it is not so great as this 
amount. The many peculiar and close relatinna of pitches, flats, sag, and oil rock are all 
explained by this hypotheoa, and the explanation is so complete that it is believed to be a 
true and import^it one, 

AQX OV BTKVOTDKU FUtUBSB. 

ThaX the general deformation lA the region occurred aft«r the deposition of the Maquoketa 
sliate is shown by the fact that contours drawn on the base of the Maquoketa, aa in the 
Dubuque special map, show the same sort of structure as when drawn on the base of the 
Galena. Presumablj this is due to the Maquoketa participating in the folding. That it took 
place before the peneplain was cut is shown by the fact that the folds are beveled by that 
plain. Between these two periods there was a, long time during which in adjacent areas 
deformation occurred. At La Salle there is evidence of folding, both before and after the 
Carboniferous," and it isnotunhkely that the zinc and lead re^on came under pressure more 
than once. Since, however, the crevices were not opened and the chain of operations which 
[»r>duced the ore deposits set in motion until the peneplain was cut, the exact date of the 
deformation is for present purpose unimportant. 

GEOLOGIC HISTORY. 

The geologic history of the r^on has, in the main, been given in the discussion of the for- 
mations and the structure. A short r^sum^ may, however, be helpful. The strata in this 
area record a number of long periods of sedimentation. These periods included portions, at 
least, of Cambrian, Ordovician, and Silurian time. He history of the district in pre-Cam- 
brian time is not very definitely known, and it can only be said that at some time in it the 
area became land and remuued above the sea for a very long time before the first sediments 
of the CambriaB were lud over it. At some time in the Cambrian, probably in the middle, 
this land sank beneath the ocean waters and sedimentation began. Except during certain 
intervals, the sea then retained possession of the area until the close of the Niagara epoch, and 
possibly longer. At different times parts, at least, of the area were lifted above the sea and 
and deposition temporarily ceased. Of these intervals of nondeposition the most significant 
from the present point of view are those which preceded and followed tbe deposition of the 
Galena dolomite. The evidence of these periods of nondeposition has already been stated. 
The firet prepared the way for the original deposition of the zinc by forming shallow basins 
adapted to peculiar sedimentation. As these basins became filled the aea spread in a thin 
sheet over a shallow semiinclosed offshore area to which the sediments did not penetrate and 
in which evaporation was uniisually active. Organic remains slowly accumulated, and as 
Atst as they were formed were altered by the action of the magnesia in the overlying sea 
vUex. Eventually the basin may have become entirely filled or cut off from connection 
with the ocean and the whole of the remaining waters evaporated. On the other hand, the 
basin may have become very shallow only before the infiux of the muddy water from which 
were deported tbe lowest beds of the Maquoketa. With that incursion the dominance of 
the sea was reestablished. 

Whether this area was ever covered by the sea after the Niagara dolomite was deposited 
is not certain. In Ae adjacent regions there are small ouiliera which have been found to be 
of Devonian, Carboniferous, Cretaceoua, and possibly Tertiary age, and it is not inipoa.sible 
tbat beds representing some of these periods may have once covered the DriftletQ Area. 
He next period, however, of which there is definite record was one of erosion, na is made 
evident by the peneplain already described as occupying much of the district. TTiis plain, 
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which cubs Hcrose soft Maquoketa shale and hard GaJena dolomite ahke, marks a time during 
which the hknd was stable sufficiently long for the streams to reduci' to a fairly even plain 
all the territory extending from the mounds far to the north, 

TTie age of this peneplain is not definitely fiied, hut there are reasons for believing thai, it 
repreaents the closing stage of the Tertiary. The epoch in which it was formed was termi- 
nated by an uplift, accompanied by a tilting to the south, and the wide meandering streams 
began to cut their channela down into the peneplain. They are still engaged in this task, 
and, 30 far aa the evidence of thia immediate territory shows, the work has been uninter^ 
nipted. At times during the occupation of the surrounding r^on by ice the Mis«asippi 
carried an unusual amount of water, which caused it to widen its valley and to truncate the 
salients between the liibutary streams. With the return of normal conditions of volume 
it was unable to carry the material with which it was loaded, and so constructed the ter- 
race upon which parts of Dubuque and many other river towna are built. At time 
same time, in the ponded lower portions of the tributary streams, silts were deposited to 
an efjuivalent level. The upper portions of the streams were unaffected, and to all appear- 
ances nothing has disturbed them since the uplift of the penepUin. If, during Pleistocene 
time, there were elevations anddepressionsof the area, they were so slight or of such short 
duration as to leave no mark on (he courses of the streams. 

ORE DEPOSITS. 

GENERAL CHARACTEE. 

The ores of the upper Mississippi Valley are zinc ores, made up largely of blende and suh- 
ordinately of sniithsonite, with nonargenCiferous soft lead and iron sulphides. They are 
distinguished for the simplicity of their mineralogic composition and for their occurrence in 
unaltered, flat-lying dolomites and limestones far from any known igneous rocks. In form the 
orea occur in vertical crevices with openings, in honeycomb runs, in pitches and flats, and in 
thin, flat-lying, disseminated bodies. Most of the ore shows cnistification and ciystallization 
in open cavities, but metasomatic replacement also has occurred. The ore bodies are closely 
related to certain very shallow structural basins, believed to be depositions! in origin, and to 
certain shale beds known locally as oil rock , which contain a large percentage of fossil gum 
formed from minute unicellular algse. The present ore bodies are believed to represent 
metallic sulphides that were origlnaUy disseminated through local areas of the Galena dolo- 
mite and concentrated, probably in late Tertiary or post-Tertiary time, by the action of 
descending surface waters. The ores are typically sfidigenetic." 

COMPOSITION. 
VEIN XATEEUL, 

The ores of the upper KCssissippi Valley are relatively mmple in composition. The com' 
plex sulphides and many of the gangue minerals found in the zinc-lead ores of the Soc&j 
Mountain r^on are practically absent, and insCoad of a wide variety of country rock, only 
doloroite, shale, and limestone need be taken into account. Despite these facta the vein 
material as mined and sent to the concentrating mill or picking table is far from consisting 
only oF the ore minerals. Four elements must be distinguished : 

(1} Pieces of country rock intimately mixed with the ore in nature or broken off in the 
process of mining. These include fragments of dolomite, hmestone, and shale. 

(2) The original metalUc minerals, consisting of galena, blende, iron sulphides, and chalco- 
pyrite. These are the most important ore minerals and it is customary to speak of lead ores, 
zinc ores, sulphur ores, and copper ores according as the one or the other is the preponderant 
mineral. The first three are now being mined. Copper is not now shipped and the copper 
formerly sent out from the district seems in tlie main to have been derived from alteration 

aBmn, H. F., Sedigenstic and ignBi^enetic ores; Economic Geology, vol. 1, 1906, pp. 331-339, 
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products of the chaloopyrite. The minerals of this group are called the original metaOic 
minersla bficaiise they represent the oldest form in which the roetala are believed to have 
been combined. Much of the galena and blende in it« present poaition ia doubtlesa younger 
than other bodies of alteration minerals and may have been several times altered and rede- 
posited. 

(3) Alteration minerals. The original metallic minerals have been changed in the process 
of weathering from sulphides to sulphates, carbonates, and oxides. Some of these have 
probably in turn been changed ba<Ji: to sulphide but others remain in their altered fottn. 
The most important mineralH in this group consist of amithsonite, cerusaite, limonite, hema- 
tite, malachite, and azurite, 

(4) Gangue mineralH. Aside from the metallic minerals and their alteration products 
there are certain earthy minerals in ores wbiuh it U customary to distinguish as gangue 
minerals. In the upper Mississippi Valley the important gangue minerals are calcite, dolo- 
mite, barite, and gypsum. It may be noted in pas^ng that aside from calcite none of these 
are abundant, and the small amount and simple composition of the gangue is a striking feature 
of the ore deposits of this region. 

OOUKTUT KOOE. 

Galena dolomite forms the most common country rock for the ores. Its usual facies is a 
granular dolomite, blue where unweathered, and brown where oxidized. It is coarse tex- 
tured, and where fresh shows small, irregular cavities, which are believed t« represent the 
shrinkage incident to the change from limestone to dolomite. Where weathered it is rough 
surfaced and sandy in appearance. It breaks down into a loose sand consisting of individual 
dolomite crystals and fragroents. In the upper workings this saod ia so almndant as to be 
easily picked or shoveled aside and in places shows true cross-bedding due t^j rearrangement 
in the crevices and openings by moving water. There is often not enough clay in the mate- 
rial to m^e it plastic when wet. 

Analyses <rf the rock have already been given. They show it to be a normal dolomite. It 
contains a small amount of oi^anic matter, as much as 1 per cent being found even in rook 
relatively light-colored.'> In the lower da^er layers much more is present. 

According to Whitneyfi the rock also shows traces of the alkalies, of chlorine, and of 
Bulphmic acid. Since much of the rock near the mines contains small quantities of minutely 
distributed galena and blende, it is possible (hat the trace of acid is derived from them. 

It is customary, particularly in the vicinity of Linden and Mineral Point, to rec(^nize cer- 
tain beds near the base of the dolomite as the "green rock" and "brown rock." These 
where examined were found to be the normal sandy dolomite, the color being probably due 
in the main te the particular form in which the iron is present. It is not improbable that 
some of the brown rock is colored by organic matter similar in origin to that of tlie oil rock. 

In the middle portion of the formation flint is abundant, and in the ore bodies found in 
these beds it accordingly enters into their composition. In the lowermost beds, shale and oil 
rock occur, and these in turn become elements of the ore bodies. In certain places the beds 
of the galena consist of limestone rather than dolomite. 

In dolomite the ore minerals occur freely crystallized in solution cavities, cementing the 
ttacturea of the rock either in place or in tumbled heaps, and as metasomatic replacements 
later to be described. Where the dolomite containing metasomatic-ore minerals weathers 
down, the clusters of crystals end crystalline masses are found in the resulting loose sand. 
In the shales the ore occurs in small, irregular individuals and clusters of crystals. In the 
limestone the fractures are usually small and irregular. The ore minerals here act as 

In the Platteville formation the ore occurs either in shale or in limeatone of the peculiar 
type already described as "glass rock." In the northeastern portion of the area the glass- 
rock beds are magne^n and in places have been converted into dolomite. 



19 Eagle Point lime lock: Iowa Oeol. Survey, vc 
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The ore found in the Prairie du diieii is cixifinBd to tbn ilolopiite lavms and occuta tr 

In t^ MaqiK^etK blende has been found nl one point in gaaH scattered druses in cc 
do)oimt« IsycfB. 



"Hie mmerals whidi enter into tlie composition of tbe mm at irtiich Me Meooitted with 
tbeiD have been described in aoine detail bj Chainberiin.a Int«r«sting additiraial details 
have iMea given b; Leonard^ aod a ciyBtallographic atudj of the more oommon ones hfts 
been nutde bj Ilobbe. ' From these aources, from Btaodard t«xt-bookB and from field 
observations, the following brief descriptions have been prepared. It is to be rtgretted that 
no complete luineralogical studj of the ores of this region has ever been raade. 



Gofana.— (PbS; lead, 86.6 per cent; sulirfiur, 34.4 per cent; specific gravity, 7.4 to 7.6.) 
Galena is the only important lead ore of the district. It is also knoini as galenite or lead 
sulphide, and the miners usually lerm it "mineral" or "lead." It commonly occurs in 
ciyftals or clusters of crystals, which usually show tbe foim of cubes and less commonly of 
octahedrons. Sranetinies a combination of these two forms is seen, and Hobba bas noted 
modifications due to the presence of the ritombic dodecahedron. Skeleton growths occur 
and are known as "reticulated galena." 

Hobba has noted,'' in ^>ecimens from Galena, IH., two generatitms of growth separated 
by a layer of marcasite. llie eaiiier generation showed tbe cube with only the comen 
minutely truncated by the octahedroQ, while the later showed the relations reversed. In 
general throughout the rt^on laige cubes of gtdena seem to represent a veiy late stage cd 
deposition. Crystals of galena several inches or a foot across have been found. He min- 
ers call such large crystals "a^ mineral." Small crystals, especially when disseminated 
through the rock, are known as "dice mineral." Where galena fills a narrow fissure it 
rarely shows individual crystal form and is known as "sheet mineral." Iliis form is com- 
mon in the narrow north-south crevices, and experienced miners and smetters can tell such 
mineral from that found in the east-west or larger crevices. The peculiar stiiations which 
such mineral shows ore explained by Hobbs as due to an unusual form o! twinning, and he 
aptly suggests that in the narrow crevices, the space being limited, the orientation of the 
mineral particles or crystals may be uniform from wall to waU. 

TTte galena seldom shows bright metallic surfaces except on fracture planes. TTie faces 
of the crystals are dull and, in the upper workings, are frequently coated with cerusaite. 
Occasionally they have been acted upon by solution until each face has been hollowed into a 
cup-ehaped cavity. When broken the cleavage faces frequently show inclusions of dolomite 
and other foreign material. The strong crystallizing force of the galena is shown by tbe 
very perfect cubes developed where it has grown metaBomatically in the dolomite. 

Galena formed the origioal lead-ore mineral of the district and from it have been formed 
others, none of which are important. Unlike the galena of most mining districts, the mineral 
found in the upper Wssissippi Valley contains practically no silver. It accordingly yields 
in the furnace a high grade "soft lead." 

SpftoJe/Tte.— (ZnS; zinc, 67.15 per cent; sulphur, 33.85 per cent; specific gravity, 3.9 to 
4.1.) Sphalerite is also known as zinc blende or zinc sulphide. Ite mineis commonly refer 
to it as "block jock" or simply as "jack." This, by far the most important ore of the 
region, is the original zinc mineral. It is found commonly below the level of groimd water, 
and so, although discovered early, was ucit mined iwtil later. It varies in color from a 
light straw yellow through brown to jet black; Ihis black color being due to impurities, 

aChambeTlln, T. C, O«ologv of WlHwoiln, vol. 4, 1882, pn, 380-308. 
6 Leonard, A. G., Iowa Oeol. Survey, sol. 6. 1SB7, pp. MS. 

■:Hobb(,W.H., Bull. UniT.WlBOoniln.BCl.sM., vol.1. No. 4, 1895, pp. 109-156; Zeltschr.mr Kryst.. 
vol. 2S, 1896, PI 
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puticuUrl; iron. While euou^ iroa 'a i»aeDt in the blende to give it color, the unount is 
really amaD, a bwition of I per ceDt. In this particular it differe from the blende of the 
Rooby Mountun States, in which the cbBtnicslIy cumbined iron amounts to ieveral per 
tent TTte iron found in the upper Mimtiwippi Valley mines is mainly in the form of crystals 
of Duu-casite and pyrite mechanically mired or ioteigrown with the blende. It can there- 
fore be ahnoBt entirely separated in dressing the ore, and ooDceDtrat«8 running 5S U> 50 per 
cent in zinc Me regularly prepared, some lota ninnii^ as high as 01 per cent. 

Cadmium, a frequent element in zinc ores and a deleterious substance, has not been recog- 
nized in the district and is believed to be entirrly absent. When proper^ dressed therriore, 
the blende of the region is excellently adapted to the manufacture of speller. 

Sphalerite occurs most commonly in sheets lining the crevices and openings. On free sur- 
faces there are small and rstber poorly formed crystab. Ordinarily it forms solid sheeta 
along the wall of a cavity, ranging in thickness from a fraction of an inch to 8 or 9 inches. 
Where it has ctjstallised in large, open cavities, such as the caves of tb«r^on, it some- 
times forms mushroom-shaped clusters 6 inches across. Small nodules of sphalerite, some 
(rf which have a diameter of an inch or more, are embedded iu the clays, especially in the 
clay bed that marks the base of the O^na formation. His form of sjlAalerite is frequently 
spoken of as "strawberry jack." It is seen at the Penitentiary mine near Mifflin, at the 
Capit<;Ja mine west of Plstteville, and at the Eberle mine near Ilif^iland, where individual 
masses reach diameters of 3 inches. From the alteration of sphalerite the other Hoc min- 
erab of the district have been formed. 

MarauiU and pynU. — (FeS,; iron, 46.87 per cent; sulphur, 63.33 per cent; specific 
gravity — pyrite, 4.07 to 5.20; marcasite, 4,65 to 4.88.) These two minerals are intimately 
associated with galena and sphalerite, especiaSy the latter. Marcasite crystallizes in the 
orthorfaombic system, while pyrite crystaDizes in the isometric system. It commonly 
takes the form tA cubes and octahedrons. Marcasite is by far the more common form of the 
iron sulphide in this r«^on, and in the following descriptions it is assumed that all of the iron 
sulphide is in the form of marcasite unless it is otherwise stated. Marcasite is important 
economically from its association with the sphalerite and from the fact that in miUing it is 
separated with some difficulty from the zinc ore. Above the level of ground water mar- 
casite is ctHnmonly altered to limonite. Marcasite occurs as a cryptociystalliite coating ou 
galena and blende, and also in well-formed crystals, but most commonly as thin sheets 
underiying as well as coating the other minerals. In cross sections these sheets appear to 
have a radiate structure, and they build up until they present a general mamillaiy surface. 
Hobbs has discriminated five crystallographic types. 

Pyritehaanot been widely recognized but when present is abundant. Leonardo found it 
in perfect octahedrons at the mine of the Dubuque Lead itining Company. In the old 
idiaft on the hill above the Hoskin mine pyrite was found in great cubical crystals with 
edges 1} inches long. The faces are distorted and in general appearance the crystals 
greatly resemble the lal^ cubes of galena frequently found in this region. At a number of 
places pyrite was found to be of secondary origin. The pyrite of the Rowley mine is a 
possible exception. Here it forms a thin sheet separating the blende from the country rock, 
usurping the place ordinarily occupied by the marcasite. 

Iron sulphide as well as blende and galena has beeu found in the form of stalactites in the 
upper workings of the mines. 

ChakopynU. — (CuFeSji sulphur, 34.9 per cent; copper, 34.6 per cent; iron, 30.5 per 
cent; specific gravity, 4. 1 to 4.3.) Thismincralcloselyresemblespyrite, but is softer, being 
easily scratched with a knife. It is inclined to tarnish and become iridescent on weather- 
ing, from which fact it is quickly recognized. It is not abundant in the lead and zinc mines, 
but has tieeD found at several pomts in the region. Where present it is mainly massive. It 
has largely been altered to malachite and azurite. 
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SmUhaonile. — (ZnCO,; owbon dioxide, 35.2 per cent; zinc oiide, 64.8 per cent; metallic 
zinc, 52.06 per cent; specific gravity, 4.3 fo 4.4.) Smithsonite ia known by the miners as 
carbonate, or more commonly as "dry bone." Hobba distinguished two sorts, one a massive 
semivitreous white to gray variety, which haa frequently been mistaken for calamine, and 
the other the porous variety known as dry bone. The hitter ia usually brownish or yellow- 
ish in color, and has a decidedly earthy appearance. A great many local varieties are rec- 
ognized, these being due to variations in the texture and amount of zinc present. Appar- 
ently there is considerable intergradation between the dry bone and the dolomite, aince the 
commercial grades range from 20 to 40 per cent in zinc, ^nithsonite is, next to sphalerite, 
the moat important sine mineral in the region. It occurs commonly above the level of 
ground water, but in places extends a short distance below. In the early mining it was 
neglected, and" it ia now produced in oonaiderably lesa amounts than a few years ago and in 
decidedly smaller amounts than the sphalerite. Formerly it was about the only zinc ore 
mined. At the present time most of the smithaonite is burned to zinc white at Mineral 
Point, and very little of it is used in the production of spelter. 

The smithaonite exhibits a strong tendency to replace other minerals, and occurs in 
pseudomorphs of calcite, galena, and blende. It also completely replaces fossils a and com- 
monly exjenda into the wall rock some feet from an ore body, gradually becoming less abun- 
dant aa the distance increases. 

Hydrozineile. — This is a basic hydrous carbonate of zinc (specific gravity, 3.58 to 3.8) 
known also as zinc bloom. When pure it contains 60 per cent of metallic zinc. Hydro- 
zincite ia frequently associated with amiChaonit« and it ia usually difficult to distinguish one, 
from iJie other. It is reported from this district b but was not rec<^ized in the course of 
the present investigations. 

Calamine,— (H^inSiO^; siUca, 25percent; ancoxide, 67.5per cent; water, 7.5 per cent;' 
metallic zinc, 54.23 per cent; specific gravity, 3.4 (o 3.5.) This ore of zinc is common In 
Miaaouri and Virginia, but it haa not been certainly recognized in the upper Mississippi Val- 
ley. Because of its cloae resemblance in some forms to the massive nonporous variety of 
smithsonite it may possibly have been overlooked. 

Ceriissife.— (PbCO,; carbon dioxide, 16.5 percent; lead oxide, 83.5 per cent; metallic 
lead, 77.5 per cent; specific gravity, 6.46 to 6.57.) Lead carbonate is locally called whit* 
lead ore. It occurs at some places in minute colorless crystals on the surface of the larger 
crystals of galena, as at the Roharts mine, near Linden. More commonly, however, it occurs 
as a white to yellowish powder-like coating on altered galena crystals. It is a secondary 
mineral derived from the alteration of the galena in the zone of weathering. It does not 
occur in lai^ amount and was never an important ore In this region. 

AjtgksUe.—iPbSO,; sulphur trioxide, 26.4 per cent; lead oxide, 73.6 per c*nt; metallic 
lead,68.3 per cent; specific gravity, 6,3.) This mineral has been reported from this district, 
but it is of rare occurrence, and examination of some of the so-called anglesite from Mineral 
Point by Hobbs showed that selenite or gypsum had been mistaken for it. 

Sulphur. — (S; specific gravity, 2.) Native sulphur, though not abundant, is occasionally 
found in the lead region in a pulverulent or minutely crystalline form in crevices or small 
cavities in the mines. It is undoubtedly due to decomposition of the sulphides, probably 
mainly the marcasite and pyrit«. It is never found in sufficient abundance to be of any 

Wad. — This mineral, a hydrous oside of manganese (specific gravity 3 to 4.7), occurs ss 
an amorphous black substance. It is widely distributed in small quantities, and commonly 
takes the form of a line black powder. It is not certain from what mineral it has been 
derived, though Chamherlin has su^ested the possible presence of the sulphide alabandiU. 

Limonite. — The hydrated oxide of iron is found in large quantities in the ore-bearing crev- 
ices, where it was formed by the oxidation of the pyrite and marcasite. This alteration 

a Leonard, op, clt., p. 27. <• Cbambsrlin, op, clt., p. 398. 
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process has gone onsoextensively that ala[^ part of the original minerals has heen changed 
into iron oxide. It is usu^ly impure and earthy, imparting to the clay and other crevice 
material a brown color. West of Dubuque it is so abundant ia cerbiin crevices as 1« have 
been mined for iron ore and shipped to Chicago and Milwaukee.o 

Melanteriie. — Iron sulphate has been occasionally detected and marits a step in the process 
of the alteration of the pyrite and marcasite. Similarly sulphate of zinc is occasionally pres- 
ent. As tbeae sulphates are very soluble they are rarely found. 



Otdcite, — ^(CaCOjj carbon dioxide, 44 per cent; lirae, 56 per cent; spedfic gravity, 2.7.) 
This is known commonly as calcspar, or simply as spar, and the miners refer to it as "tiff," 
It is the most common gangua mineral in the district. It is almost everywhere associated 
with lead and sine ores and occurs in the middle of the cavities, being deposited after the 
metallic sulphides. It also commonly occurs in veins or in any kind of cavity throughout 
the limestones and dolomites of the district, especially in the Galena and Platteville format 

Hobbe has discriminated six crystallt^raphic types, and Leonard has studied and illus- 
trated some very interesting varieties of both calcite and aragonite,^ found in caves south 
of IXibuque. The abundance of crystallized calcite in these ores and the relative scarcity of 
dolomite, despite the fact that the latter constitutes almost the whole of the country rock, is 
a strikii^ feature of the ores. It is, however, not peculiar to this district, but the same 
phenomenon is found in the southern Appalachiaus and in southeastern and central Mis- 
souri. In southwestern Missouri, where limestone and not dolomite forms the country rock, 
the reverse is true; dolomite being more abundant in the ores. 

Probably the explanation of these tacts lies in the principles pointed out by Van Hisecas 
controlling the replacement of calcium by magnesium and the reverse. Where solid cal- 
cium carbonate forms the more abundant compound, as in southwestern Missouri, and is in 
contact with calcium and magnesium-bearing solutions, the law of mass action requires 
that a part of the calcium be replaced by magnesium. At first the substitution goes foF> 
ward rapidly, but as the process continues toward Che point of equilibrium it becomes 
slower. Since calcium is the more energetic base and also the more abundant, when the 
stage of molecular equilibrium is reached, corresponding to the composition of dolomite, 
calcium In turn becomes able to replace magnesium. In the upper Mississippi Valley the 
country rock being itself dolomite the two elements are in molecular equilibrium to begin 
with. If, now, solutions of calcium and magnesium carbonate be introduced, the calcium 
as the more enetgetic base tends to replace magnesium and calcite crystallizes out as a 
result. Since in the southwestern district the balance ia evidently farorable to solution 
rather than to deposition of calcite, as is shown by the formation of cavities, there is oppor- 
tunity for the dolomite to crystallize. In the Wisconsin deposits the balance is in the oppo- 
site direction, and calcite crystallizes out, while dolomite goes into solution. Presumably 
the magnesium solutions travel on, in this case downward, until in the Platteville limestone, 
finding rock in which magnesium is below the normal, they replace calcite and become 

DolomiU, — (MgCaCOa; carbon dioxide, 47.9 per cent; lime, 30.4 per cent; magnesia, 
21.7 per cent; specific gravity, 2.8 to 2.9.) While this mineral is the most important con- 
stituent of the Galena and Prairie du Chien formations, it almost never occurs in crystals 
of any size, and it does not seem to have been deposited in the veins, for reasons already 
discussed. It may, however, be found in very small crystals lining druses in the countiy 
rock, both in the mining districts and away from them. 

Sdenile.—lCaSO,, 2 H^; sulphur trioxide, 46.6 per cent; lime, 32,5 per cent; water, 
20.9 percent; specific gravity, 2.3.) This occurs in small crystals, hut it ia not vcty com- 
mon. It undoubtedly owes its origin to certain chemical reactions taking place between 



'a Geol. SursBT, vol. 10, IBOO, pp. 697-600. 

■a Geol. Survey, vol. 6, 18B7, pp. 29-36 

Mae on metamorphlam: Hon. tJ. S. Geol. Sury«;, vol. 47, 1904, pp. SM-SOa. 
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the caldum carbonate of the rocks and sulphuric acid fonned by the breaking down of the 
niarcsaite. It« scarcity ia doubtleas due to its great solubility, 

Bante.—(BaSOf; sulphur trioxido, 34.3 per cent; haiyta, 65.7 per cent; specific gravity, 
4,3 to 4.6.) This ia coimnooly known as heavy spar. Orsnt has noticed that harite 
appears in the main in the vicinity of the oil rock when occurs at all. Although usually it 
is Dot commoD.iQ certain of the mines it is abuudant. A^de from occurring with the oil 
rock, it also luies cavities in the vebs, being the last mineral depoated. 

Qvartz.^SiO,; oiygen, S3.3 per cent; silicon, 46.7 per cent; specific gravity, 2.6.) This 
occurs chiefly in the form <rf flint, which is abundant in certain parta of the Galena formv 
tion. Notwithstanding the lu^ amounts of silica in the ore-bearing rocks, it is rarely 
found in crystalline form, except in cavities in the Prairie du Chien tioiestone, aad here the 
crystals are commtaily veiy amali. 



The association of the minerals with one another is interesting and instructive. Cham- 
heriin devoted some time to a careful study of their order of depodtion.c Van Hise* sum- 
marizes these observations as follows: 

The lull auraession at tbtIous openings from the wall to tbe dniBe la (I) marcasit*; (3) iBrrlterous 
aphalente; (?) galena In cubic cryatala; (4J lerrileroua aphalerite subordinate In quantltr; (5) marca- 
slte: (S) galena In octatiedisl cryetale, very subordinate Id quantity. Some ot tbe eletnentsof tbis «ic- 
ceaalon are lacting at variouB veins. A very oonunon order Is (1) sphalerite, (2) galena, and (3) mar- 
It is doubtful whether much significance should be attached to so con:i)dex an order. So 
far as present observations go the most common order is(l)inarcasite; (2) blende, eitlier 
free or containing some galena; (3) galena or marcaaite, or both, and occasionally pyril«; 
and (4) calcite. The marcasite first deposited forms a thin sheet, not usuaUy more thui 
1 millimeter in thickness, linin g the solution cavities and fractures in the dolomite. It is 
rarely absent. The blende formed over it varies in thickness from a few millimeters to 3 
or 4 inchea. On the blende are scattered crystals of galena and pyrite and occasionally an 

Probably more significant, however, is a grouping corresponding to the vertical order of 
succession of the dominant ore minerals. According to this grouping the ores may be 
classed as {1} galena or lead ores; (2) smithsonite or linc-carbonate ores; (3) blende or zinc- 
sulphide ores; (4) "sulphur" ores. 

Oalena or lead ores, — These are the characteristic ores of tbe upper horiisons and are the 
ones which attracted attention in the early history of the region. In tbem galena is the 
dominant mineral and zinc minerals are very subordinate. These ores range in general 
from the surface down to the level of underground water, and much the largest quantity 
of galena so far obtained has been found as loose massce in dolomite sand, which is residual 
from the decomposition of the country rock. Iron and manganese oxides are commonly 
found in these ores in small quantity, though sufficient to give a rusty brown or block color 
to tbe mass. Despite the many years of careful prospecting since the district was first 
opened these ores are still found and mined, and at Elizabeth, 111., a lac^ body of such ore 
was found in the summer of 1903, These ores formed the basis of the early raining of tbe 
region, and the working of them calls for only the simplest machinery and methods. 

Smilhaimiie or zijie-earbonate ores. — Somewhat below the lead ores proper, b^inning, 
however, above the actual level of underground water and extending a little below it, is 
tbe zone from which, in the years 1860 to 1890, the main ores of the region were obtiuned. 
In this zone the amount of galena present is much less than in that above; the dominant 
mineral is zinc carbonate. With it are minor amounts of galena and towiuxi the bott«in 
increasing amounts of zmc sulphide and iron snlphide. 



oQeoLogy oIWlsconaiQ, vol. 1, 1S82, pp. 4BI-497. 
"Trans. Am. lost. Uia. Eos-, voL 3D, 1901, p. 104. 
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The relations of the zioe curbonate to the zinn sulphide are auch as to make it clear that 
the carbonate is an alteration product From the sulphide. The oxidea of manganese and 
iron are present in this zone, aa in that ahove. The ores carry from 20 to 40 per cent of 
metallic zinc tia usually prepared. They are mined and dressed ordinarily with only the 
simplest machinery. 

Blende or stricsiilfhide ores. — Below the zone of zinc-carbonate ores is tliat In which 
blende heconies in turn dominant. It extends from near the level of underground water 
down to the "oil rock" and in a few cases a short distance below. Associated with the 
blende are galena and the sulphides of iron. TYte latter occur in considerable quantity, 
and the various sulphides are so intimately mixed as to preclude any successful attempt at 
determining an invariable order of deposition. The order (I) iron sulphide; (2) blende; (3) 
minor amounts of galena, is most common, but the reverse order and various permutations 
of it ako occur. Clear well-defined crystals of calcite frequently occur in this zone. The 
dominance of the blende and the absence of alteration products are apparently the signifi- 
cant features ot this zone. 

The zinc-sulphide ores are the ones now being wot4c«d n^nost mines. Their mining and 
dressing require usually the erection of much more elaborate plants than are necessary in 
the case of the other ores and necessitate good pumping and milling equipment. This 
requires more capital and results in the concentration ot etTort. upon a smaller number ot 
veins. It is this stage ot mining that is becoming more and more important in (he datrict. 

''Svlfhur" ores. — At the horizon of the blende or zinc-sulphide ores the amount of pyrit« 
and marca^te becomes at places so abundant that the oi-e is more valuable for its sulphur 
than its zinc content. These mixed ores have in recent years been largely shipped to 
Mineral Point, Wis., where they are roasted, to manufacture sulphuric acid. At a few 
points in the rf^on marcaaite and pyrite occur in such abundance and so free from the 
other sulphides as to be in demand at other acid works. They have accordingly been mined 
and shipped from time to time. 



Chamberlin discussed the vertical order of the ores and arrived at the conclusion t that 
''selective <Jiemical affinity" was the most important cause. This cause is the one cited 
by Van Hise to explain the process of secondary enrichment ot the sulphides developed by 
his studies in this same region.'' It is undoubtedly u true and the most important cause of 
the present order of superposition of the ores. There are, however, some reasons for think- 
ing that there may have been originally a greater abundance of galena in the upper beds 
and ot blende below. As these reasons are largely founded on theory they will be dis- 
cussed in connection with the general topic of the genets of ores. 

MODE OP OCCUKRENCE. 

There are four general forms of ore bodies recognized in this region; (1) Crevices and 
openii^; (2j honeycomb or sprangle runs; (3) pitches and flats; (4) disseminated ores. 
The ores are made up in large part of minerals which have crystallized in open spaces. To 
a subordinate degree they include metallic sulphides, metasomatically replacing dolomite, 
limestone, and shale. In the first three classes of ore bodies metasomatic replacement has 
been strictly subordinate. In the disseminated ores it has been the most important process 
in the formation. 



Definition, — The ores first worked in this region occur largely it 
long been locally called, tor which Whitney c coined the term "ga 
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aidered to be intermediate in character between segregated and true veins. Thej occupy 
preexisting fissures, but are of limited extent, being usually restricted t« a particular for- 
mation and not connected with any extensive movement of the rocky mass. As devel- 
oped in this region, these veins occupy joint cracks. Usually, mstesd of a simple cod- 
tinuous fissure, there are a number of parallel fissures occupying en fchelon positiotis. 
Collectively they are known as a "range." Two systems of joints are commonly developed 
in this area— vertical and pitching joints. The crevices are developed aloi^ the vertical- 
joint planes. The vertical joints, and hence the crevices, are best developed in the upper 
strata and witliin the first hundred feet of the surface. In general, the vertical joints are 
notable for their extent and regularity. 

Openings. — The joint planes are simple cracks through the rode. They are not planes 
of any appreciable faulting and, though the vertical joints are very persistent, would not 
in themselves afford space for much ore. Hiey have, however, been materially enlarged 
by the dissolving action of underground waters. Locally this action has been fairly uniform 
along the plane, and space has been cut out in which a siniple sheet of mineral from a quar- 
ter dF an incli to as much as 4 indies in tliickness has been deposited. This form of ore 
body seems to be especially characteristic of the crevices occupying north-«outh and quar- 
tering, joints. Along the main crevices, which over most of the area are approximately 
east-west in direction, solution has been more active, and irr^ular cavities and chambers 
hare been excavated. There is a tendency for these to form at certain stratigmphic hori- 
zons, which differ from camp U> camp, but are fairiy constant witliin the limits of small 
areas. At the intersection of these planes and the joint planes the crevice either widens 




lap Bhawlug location of Stena 



out abruptly and an open space is formed, or the rock becomes soft and thoroughly disin- 
t^rated. In either case the term ''opening" is applied. 

The openings are usually from I to 4 feet wide and from 4 to 6 feet high. Occasionallj 
the rock between two crevices has been cut out by aolution and broad chambers 21 
feet wide and 30 to 40 feet high have been formed. The walls of the opening usually Aaw 
firm dolomite, not especially disintegrated. Freijuently they exhibit a pitied surface ten' 
similar to that which the same dolomite takes on exposure to weathering agendea at ihe 
surface. Thereof of the opening may either be a flat "cap rock "through which the creviw 
can be traced only by a line of water seepage (PI. VI, A) or be irregular as a result of tbr 
presence of "cliimneys," whidi often extend as pipes from one opening to anolher. 1° 
many mines three distinct openings, one below ailottier, are present. Two such opening 
are illustrated in Fl. VI, B, from a photograph taken in Dunleith or East Dubuqw 
Grant. Occafflonally openings hove been found SCO feet long, wliile lengths of 1,000 ta' 
are not uncommon for the smaller openings. In certain cases, as a result of this softeDii* 
of the rock, connections have been made by very little di^ng, so that an individual era™* 
may be followed underground for a mile or more. 

Ijght on the method of the formation of such openings may be derived from a stud^ i' 
St«wsjt's cave near Dubuque, This cave is located at the intersection of several crevicM, 
as indicated on the accompanying sketch map (fig. 9). It is reached by means of » sli*" 
•evice, whose south wall fonns the south wall of the cave proper. I* 
w open for 900 fuet from the shaft to the cave. Along this distance it i 
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open to a width of from 14 inches to 3 feet and to a height o! 25 to 50 feet, above which ii 
narrows to a mere cracli. Winzea M.t aevBral points have been put down 45 feet in aoft doio 
mite sand without any sign of hard rock, but sliow galena near the water level. This min - 
eral ie in lai^ cubes — ''cr^ mineral"— and is mora abundant near the cave than farthci' 
east. Rust or ocher is prominent near the shaft. The sands in the bottom of the cravice 
diow croHs-bedding and indicate actual movement of material along the crevice. Pros- 
pecting seems to have developed <)re mainly at crevice intersections. The crevice forming 
the north side of the cave is, so far as known, barren. 

The walls of the main crevice are weathered, as on an exposed cUlI face — tliat is, so us t) 
bring out very sfiarply the bedding planes. These correspond from side to side, and ther:! 
is no indication whatever of faulting, either vertical or horizontal. The main crevice i^ 
cut by occasional cross crevices, runiiing north-soutli, northeast-southwest, and northwest- 
southeast. Occasionally two of these cross in the main crevice. These cross crevices are' 
UBUiiUy muriced by vertical cracks in tlie wali rock as much ax 3 inclies across and filled 
with dolomite sand. 

The cave iLscit is an irregiilar rectangle about KO by 20() feet, and if it were cleared oi 
fallen rock it would be between 40 and 50 feet higli. The falltn rock, however, fills it 
nearly to the roof, which is flat and unbroken. Along this root the great la^t-west 
crevices are l^inly marked but the "north-souths" arc li-ss well defined. The liearingE 
as given in the sketch were taken in the summer uf 1899 and ari' magnetic. 



Fig. 10.— Levens cave, Dubuqup, Iowa. 

The bottom of the cave can not Ih' reached, as water stands in it. The crevice and the 
cave proper are, however, quite dry. There is no drip and no calcite crystals line the roof 
and walls. The cave was discovered through a chinmey on the main "east-west," and 
considerable galena was taken from the crevice, though not from the cave. The galena 
occurred in bunches high in the tup <if the crevice and in loose fallen masses in the sand. 
Xo systematic work has been done here for many years, though a little prospecting has 
been earned on. 

Another well-known and characteristic cave in tiie Dubuque district is the Lei ens Foi^ 
tunately it is possible to give a somewhat exact account of this cave as it was when first 
discovered and as it now appears. The Levens range has been worked at intervals for 
nearly 3 miles. The eastern portion, lying within the city limits, was developed between 
1830 and 1830. It was worked farther west in 1852-53, and still farther west, on nimeral 
lot 371, "Thomas Levens, in 1855, made one of the big slrikea of the r^on. It is estimated 
that he raised about 2,500 tons of galena from this lot. Some blende was also discovered, 
but as it was at that time valueless, no attention was paid to it. It is estimated that in 
all 7,500 tons of galena have lieen taken from this crevice. 

Its general course is S. SSJ" W., and it is said to vary but little from this course. The 
only portion of the work open in recent years is the old Levens cave, which was visited in 
1899 and again in 1900- Tliis cave is in the SW. i SE. J see. 15, T. 89 N., R. 11 E. The 
discovery is said (o havc> been mode by crawling into the cave from the east, but later 
three ahafla were sunk on the cave. Tlie middle sliaft (fig, 10) is the one from which the 
main mineral was hoisted. About M yards east of it is a shaft sunk in 1860 by Anderson 
& Co.. and used later for a pump shaft, a 40-!iorsepower engine and pump being used. The 
work was, however, never carried inucli, if any, below the levels now free from water. 
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The- main portion of the cave is 25 to 35 F^t wido, und 30 tu -40 feet high. Except for 
the key rock west of the pump shaft it is open for nearly 500 toet. There are two well- 
niariced crevices and Uie cave has been fonned by solution of the rock between them. At 
the intersection uf a "north-south" a prospect shaft showed blende at a depth of about 
40 feet. Not far beyond (he crevice narrows from 40 feet to 2 feet or leaa. On the Stout 
land, one-half to three-fourths of a mile farther wi'st, the crevice opens out into a second 
cave from which mineral has been taken. 
The following description of the cave when first founcl may Iw; read with inteztst:" 
For a description ol ttig very IntereatuiK locality an it appeared when flrat dlscovprpd wo are indebtwl 
to C. Whittlesey, who vielted It ImmedlRfoly aftfr its discovery by Mr. Levens and~betore It had been 
atalldlaturbed. This was tn Oetobor, laW: it was flrgl vialed by one 
2,000,009 pounds of ore had beon ramoved Ironi it. The locality, as at 
sonted a narrow cave or crevice entcrinR Irom the side oi the hill, an< 
in some places with gmat diffloulty, the passage ol a man. The crevice had a nearly east and west dlreo- 
tion in general, with small defleetlooa from a strai^lit cDurse, We anoci Mr. Whittlesry's description 
of his visit to the locality in question. After spnaliing of the difficulty of squeezing between the walla 
of the narrow and winding crevice, he goes on as follows: 
" Wo tied not gone tar in thie uncomtortablD manner wlicn a liandsomK cave spiirared before us. 
t was a sijuarc room, with a mud floor and a rock celling, along the 

ihe sides covered with mineral S tfl 8 inches thick, leaving a space betveen the inner faces ol the mineral, 
ip which wfl could we several feet. There was about this crevice an entirely new feature, so tar as I 
enow. The solid mineral projected from this crevice downward, aloot to afoot and a half in a'sheet,' 
IS they call It, 8 to 10 mches thick, and 25 to 30 feet long, spreading fan like as It descended. A part 
]| the way there were three stieets, two thick and heavy ones, with coarse Irregular surfaces, composed 
les on a side, and one long, thin etieet, the whole covered witii oxide 
nateT) of lead and havhig, inconsequence, a pure-white color. This depending mass was wholly 
dear, except where It was attached to the rock above and projected downward In apace— the most 
rich and beautiful object I ever saw of a mineral kind. About 200 feet more of twisting and squirm- 
ing brought us to the leaden tflmple where lay the fortune ot our liold pxplorer. II ii a rave, or pocket, 

arched in an irregular manner. Probably it extends In this oval shape to a depth equal to the clear 
space above. The whole appears to tiave been celled with lead; and although Its size is not as great 
as that of many |V) ottier mineral caves, the amount of galena m view at one time Is s^d to exceed that 
of any 'pocket' yet opened. Much of the lead lining the roof and sides had fallen down In immense 
blocks, some of them very recently. This mineral Incruetatlon was. In places. 2 feet thick, and one of 
the fallen masses was estimated to weigh 23,000 poimds. In the mud snd clay that formed Ihe bottom, 
orfloor.of this spacious room, they said that mineral would be found burled, or Inclosed m large lumps, 
to the bottom, probably 15 feet deeper." 

Such was tlie appearance of things at this most interesting locality, i^rtalniy one of the most remark- 
rent price of lead, about (50,000, had been removed, and there was still left in the mines about 1,500,000 
pounds of ore, which was taken out in iSM and iS54. -V sliaft had been sunk from the surface to strike 

of the excavation was alKiiit 4.5 feet deeper. The length to which the crevice had been traced was about 
l,a»feeti andthecave-iikeexpansionextendedlornearlyaoo feet, widenlngout in some places to 25 feet, 

cap rock: it also formed flat sheets running Into the sides of the openhig. In some plaics. with athli^- 
ness of 3 to 4 inches of solid ore; but by far the greater portion lay in loose masses of partially disin- 
tegrated limestone, called " tumbUng rock." Besides the shell-like deposit of ore which lined the walls 
of this cave, as described by Mr. Whittlesey, there seem to have been horiiontal layers which oBce 
extended through the opening. These had been hroken up, and the rock Biirrounding them removed 
by the action of currents of water, of which the evidence could be seen in every part of the crevice, espe- 
cially In the waterwom and grooved lower surface of the cap rock and In the rounded edges and angles 
of the projecting strata of the aides of the opening. 

From such workings as these came the great bulk of the galena shipped from the region 
in earlier years. The workings are now mainly of historical interest, though a simiUr cave, 
containing blende rather than galena, was opened in the California mine south of Galena, 
III., in 1903. This in described on page 78. 

The opening!^ ordinarily seen in the mines aiv much cmallrr, and the combination of hori- 
zontal openings anil vertical chimneys makes a system of ore Iwidies quite deceptive to those 
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nol auquiunt«d willi llu' pii'uliiiritu'H uf llii' iliHliiH. Iii 11},'. II, a pliiii in lliu vein, u piirtiim 
of the Avenue Top wurkinjp at DubuqupisilluNlrHtpd. At lirst fclmiiT & i-onsidrrable ainoiinl 
oF iinatoped ore would seem lo bf blocked out. A^ h innlferof fait, only n thin coatint; or 
lean ore remains on the walls, and llir lilemlc nbirli [mtuim al intervals iiliiiig tht^ bottom »f 
the lower level is probably ns patcliy in distribution as lliy inrpilar, worked-out stopos 
above the level show the "dry bone" tohavu been. One of llie I'bimneyH, it will be notired, 
lengthened into a amail sUipe and Kiniilar stopen St to SO feet Innf; are n<i( unknown, thouf^ 



Orte oftht crevieei. — In thn ereviccs and openings the cbaracl«ristio on- Ih the galena. 
This OTCunt a^ (I) thin shsets eompletely filling the smaller crevices: (2) erystals and crys- 
talline aggregates clustered on the walls (fig. 12); (3) fallen and broken masses in the loose 
dolomite sand mixed with broken plecea of rock. The sheets have yielded relatively little 
mineral. In 1839 Owen estimated" that a regular sheet one-half inch thick could be 
voiced profitably in solid rock that required blasting, while in loose ground a vein one-fourth - 



,— TjplMl occurranCB of ore 



!, Kann Brothpri' 



of an inch thick would pay. Such thin sheeta have not been worked tor some years, exrept 
in the hope that they would lead the pnxspi'ctor to a cave or pocket of mineral. The open 
chambers have yielded the great hulk of the lead ore. From IflOO to 2,000 tons of clean 
Kaleoa have in a number of cases been taken from individual openings. 

Not only the galena ore, but the bulk of the zinc-carbonate ore, baa come from thecrevices 
and openings in which the smithsonite occurs as loose fragments mixed with the broken 
rock and sand, as incrustations lining the solution pits of the walls and covering the blocks 
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uf tumbled iiK-k mid i>» u ii-gilui'i'iiiiMa of thu di>l.uiiiU>. To h viirkblv Init iiuwltuiv gnutt 
exttint the sniiLlisuiiihi tiiclBiHiiiiatically replaces the dolomite <if the walls, forming & low- 
grade carbonate ore. In a few casea hleade has been found in quantity in the crevices and 
opeDinga, but such zinc ore as in present is ordinarily in the fonn of carbonate. 

The crevice ores in the main represent crystallization in open spaces, hut subordiDale 
amounts of ore originating through nietasomutic processes are present. An interring 
example is Illustrated in fig. 13, from a specimen obtained at the Etna mine. Dear Benten. 
The rock here is a light-brown dolomite of rather coarso texture and shows numerous open 
druses one-half to threo-fourtha of an inch in diamcMr, lined with clear calcite crystals. 
The galena crystals are sharp angled, cubical in habit, and have clear lustrous cleavage faces 
where broken. Where they have been dug out of the rook, the resulting cavity is the exact 
form of the galena crystal and'shows no evidence ot a preexisting cavity. It may be noted 
that in places the crystal outline is incomplete, the galena and dolomite meetingiuarough, 
irregular line. In certain cases small amounts of dolomite occur entirely siirrounded, so far 
as can be determined, by galena. 

This specimen is believed to illustrate excellently the conditions under which galena 
replaces dolomite. It is from a horizon about at water level and the rode contains a small 
amount, less than 1 per cent, of organic 
matter, as determined by Mr. F. F. Grout. 
This amount is, however, ample to precipi- 
tate sulphate of lead, the form in which it 
is believed the lead was brought to ils pres- 
ent position. It is clear that both the 
dolomite and the galena or its elements 
were in solution at the same time. The 
galena replaced the dolomite little by little. 
In doing so, however, there was no tendency 
toward pseudomorphism, the galena main- 
taining its own fonn throughout. The 
reason for this is believed to lie in the fot- 
lowling facts : If the galena had crystallized 
a simple aqueous solution, it would have 
grown freely and formed perfect crystals. 
Since at any one time and place along the 
border of the crystal growing in the rock there was an aqueous solution, the galena took its 
own proper fonn as it rrystallizeil, and it seems likely that it was able te build out the 
complete crystal, because hero, as in ordinary solutions, there was a considerable difference 
in density between the material on either side of the border. The tendency by virtue of 
which large crystals grow at the expense of small ones in order to decrease the amount <^ \ 
surface proportional to the bulk, apparently operated as between the dense galena and the 
less dense dolomite. Within the galena crystal there were more molecules in a given space 
than outside it. It is posaible that this points to a general law explanatory of the fact 
that the metallic minerals commonly replace the lighter, nonmetallic. It may be noted 
that in this region it is characteristic of the minerals occurring metasomatically that they 
are well crystallized and idiomorphic. 

DistrUmtion of the creiJM«g.— Mineral-bearing crevices have been found throughout the 
mining area and exactly similar crevices, except for the absence of the ores, are found 
throughout a much wider region. On the maps accompanying Whitney's reports to the 
State geologists of Iowa, Wisconsin, and Illinois many of these old crevices are laid down. 
On the atlas sheets of the later Wisconsin Geological Survey the mineral-bearing crevices of 
the most productive portions of the area are shown in great detail. Hie general distribution 
of such crevices is shown in PI. VII of this report. On the special map of Che Dubuque dis- 
trict forming PI. VIII the location and direction of the best known crevices is shown, and 
in fig. 14 are shown on a larmier scale the details for a, single quarter. icclion of land (SE. \,aer. 



13.— fiftEona metaMiniBtloally wplaclng doln- 
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I S.T - W N., K. 3 E.), kuowii Wally >u U,v I'ikos Peak ar^a. In tbia figure ui-e sbuwii (Jbo 
a-Sres, the principal shafts, and the approximate production of galena in pounds [rom data 
I ittr-»iished in 1896 by W. H, Guilford. If it be remembered that only those crevices are indi- 
1 'ifced which have yielded considerable ore, suoie idra of their abundance will be obtained. 
I rertispa an even better notion of the extent of the old workings in areas where considerable 
1 ^n&d mining was carried on may be gained from lig. 15, representing the Stacey diggings 
I north of Galena. Each small pit represents a shaft sunk for galena, and their number is not 

!an1j indicative of tlie difficulties of early mining, which prevented crosscutting and the driv- 
ing of long drifts, but also tells something of the abundance of the ore and its m 
surface. 
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in now applied tu ivokM. Sliriiikiip' cuutd pivliKbly piudiiu! siirh fisiuniH uii arc i»miuLinlv 
known an mud rrscks, but tliis causo is not tu be li^tly assumed for other cracks in sedi- 
mentary rocka. Mud cracks are most frequently fonnpd in unconsolidated rocks and havn 
rarely any continuity of direction over wide areas. 

The crevicex of this region were evidently formed after the rock was dolomitized and had 
become eaaentiaily as firm a^ now. The great shrinkage, 12 per cent, which took place in 
the change of the limeatone to dolomite apparently does not express itself in these cracks, 
but in the large number of small CAvities which disCinguinh even hand specimens of the 
Galena dolomite from limestone. 

The crevices bear definite relationships to eacli other. The major ones run very itearly 
east and west. They are crossed by a second set at almost exactly a ri^t angle, which is 
significant, as It also the fact that the major crevices are nearly parallel to the low, broad 
folds which ci 




Wlien Whitney worked in the region joints, fissures, and folds were considered to be radi- 
cally (liferent sorts of things. They are now believed to be but diverse results of one gen- 
eral phenomenon — deformation. The parallelism between the major crevices of the region 
and the moat pronounced folds strongly supports tins theory. All the pbenoraena indicite 
that at some time later than the consolidation of the beds the strata were subjected to 8 
citrtain amount of strain and that in their effort to accommodate themselves to this straw 
they were in part slightly folded and in part cracked. When a rock or body of rock is su 
jected to stress it tends to obtain relief by a change of form or of dimensions. All rocks*" 
under more or less strain, and even relatively strong rocks tend to accommodate them- 
selves to the various stresaea to which they are subjected, though the strain may he no 
greater than that resulting from unequal support. If a rock be homc^neoua, it acts 
unit; but if there be differences in density or strength, the various stresses are deflected from 
point to point. If the rock be soft and plastic, as is true of much the larger portion of the 
Maquoketa shale, the strain is acenmmodated by flow rather than by fracture — tiiat is, tlw 
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iudividual parliclcH of the rock move rutlicr ihun great iiiossus of rock itself. If the rock bu 
thin bedded, and if, furthermore, ita character change from bed to bed, aa is true of the 
Platteville limeatoni>, particularly when inlflrbedded with ahale, the Btresaea act on smaller 
blocks of rock and deformation takes the furiii of numerous small fractures. It is very com- 
mon to find the Platteville br<^en up intu a large number oF small blocks rather than in 
aoiid ledges. When, however, the rock is homogeneous, firm, and of low elasticity, stresses 
are resisted for a longer time and are ultimately relieved by great cradia extending, perhaps, 
for miles. The same amount of deformation may thus be accommodated In different ways 
in the different rocks of the same section. Van Hise has shown that one rock may be so 
squeezed as actually to flow under pressure, while another under the same conditions is 
merely broken." 

The Galena is a very massive formation of considerable extent and of fair thickness. It 
is thick bedded, and the bedding planes themselves are not marked by any notable amount 
of shale or other foreign matter. The rock is of low elasticity and has been subjected to 
certain stresses, which have been relieved hy cracking. Apparently there has been very 
little displacement, either vertical or horizontal. The ore-bearing rocks of the region are 
esEsentially undisturbed. The low folds found here are simply the expressdon of such slight 
earth mpvementa as have probably taken place in all areas. The exceptional develop- 
ment of the crevices is due to the inelastic and homogeneoua character of the rock, which 
has allowed the formation of single crevices or bunches of closely parallel crevices extending 
in a fairly constant direction for some miles. Careful estimates of the amount of possible 
CTUfital shortening resulting from such deformation as the rocks have suffered indicate that 
while it might be sufficient to produce tension joints, the displacement along any single 
plane would he w slight as to permit no measurable faulting. 



De^ition and form. — The term "mn" has been defined by Jenney6 as "an irregular ore 
body found at the intersection of an ore horizon with a vertical fissure." The openings 
found in connection with the crevices might properly he spoken of, therefore, as runs; but 
»nre their essential feature Is the open ground or a cavity only partly closed by fallen and 
usually oxidized rock, it seems desirable to retain the older local name. Below water level, 
where a considerable thickness of the Galena formation is present, there are typical runs. 
These correspond in portion to the openings found above water level and are believed to 
represent merely an earlier stage in the fonnation of the ore bodies. At certain favorable 
horizons the ore penetrates the rock for a variable distance on either side of the crevice. In 
such cases the o[« body consists of a porous dolomite with the interstices lined or partially 
lilted with metallic sulphides. Locally the open spaces, which are half an inch to 2 inches 
in diameter, equal half the original bulk of the rock. Where the ore is very coarse and the 
fr^^ents of rock are sharp angled, it is often spoken of as aprangle. Where the material is 
le^ cavernous and there is less distinct evidence of brecciation the term honeycomb is more 
commonly used. 

Orijrin.^In some casus the brecciation is very evident, but in others it seems that the 
cavities are due mainly to solution. The two sorts of ore, corresponding roughly to honey- 
comb and aprangle, pass into each other in the same deposits. In most cases it seems prob- 
able that originally the rocJi was brecciated or partially brecciated, allowing free access to 
circulating waters, and thai these waters have enlarged the cavities by solution of the semi- 
brecciatcd or strained limestone. These honeycomb deposits occur in some places as small 
openings or enlai^ments of a crevice. They alao make extensive depasits along vertical 
liasums and along flats. 

0rt4 of the iKmeycomb ™n«.— The open spaces in the honeycomb rock are ordinarily lined 
with a thin sheet of marcasite. On this, completely closing the smaller fractures and spaces 



"Van Hlse, C. R., SIxtwmth Ann. Rept. II. 8. Geol. Survey, pt. !, 1896, p. «01. 
K Trana, Am. Inat. Mm. EnR., vnl. 22, 1894, p. 189. 
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Btid pHTliully lillint; llii'. lui^'r micN. IhiIIi pileiiii niiil Ueudo uiTCiir. In tlif lluzvl Gnseu 
mine there is typical honeycociib ore, a specimen of which ia illiifltrah'd in fig. 16, The 
gr%y dolomite here shows smitll irregular cavities that arc almost all lined with marcasite. 
Tljis seems to penetrate the dolomite slightly, liecoming less and less ahundant as distance 
from the cavity increa'^es. Hie sheet of marcaaitP eovering the surface of the cavity is O.d 
to 1 mm. thick. On it l>oth galenn and hiende occur. In the anialter fractures and cavities 
the galena when present is apt tu occupy the entire Hpace and to show a uniform cryatallo- 
graphic orientation. Large spaces show the free crystallographic surfaces of the galena. 
Brown blende occure in the same relations, but there is a notable tendency for each mineral 
to be segregated and to occupy different cavities or different portions of the same cavity 
rather than to be inlergrown. This is not, however, an absolute rule. 



S 

Fig. 16.— Honej'eomb mi- (mm thi' Ttmel Oreen mine, Hazel flreen, Wis. m. Harcanite; 6, hiende; 
g. galena. 

In some places the fraetures are so closely spaced and the cavities form so large a portion 
of the mass that the ore seems to bo a brec/'ia of dolomite, partially cemented by the sul- 
phides. This ore is the typical sprangle ore. 

When water level has sunk lielow the honeycomb deposits, they are partially or wholly 
oxidized, and ;iinc carbonate accordingly becomes the most important ore mineral. In such 
situations, as at tlic Fitzpatrick mine, no sharp line can be drawn betn cen honeycomb runs 
and ordinary openings. 

Among typical honeycomb deposits may l>e mentioned the Hazel Green mine, described 
in some detail on pages 86-88; (lie Pikes Peakminp, at Dubuque; the Oldenburg, at Galena; 
the Strawberry Blonde, at Strawbridge, and the upper workings of the Enterprine, at 
Platteville. 
— Digilized by Google 
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Definiiion. — The moat interesting and unique forms of ore bodies in the district are the 
data and pitches. In these the ores foDow in part (he vertical joint planes, in part, the 
bedding planes, and in part the dipping jobt planes. The result is an ore body occupying 
i series of horizontal sheets called "flats" conne<'teil by a series of dipping sheets or 
"pitches." Many of theae pitches are parallel to a main vertical crevice and pi(«h out^ 
ward from it on both sides. The ore spreads out along tlie bedding planes both toward 
main vertical crevice and awa\ from it. It also descends from bedding plane to bed- 
ding plane bi a number of parallel pitches. The depoeition of the ore in the cavities 
fortiied by the combmatioo of joints and bedding has usually been accompanied by some 
metasomatic replacement of (he country rock, particularly that of the core between the 

sets uf pitches and the \ertical crevice. Chamberlin was the first to recognize the 
peculiar character of these ore bodies and to describe them adequately. Wliile a num- 
ber of the mines now v. orklng afford excellent examples of the pitches and flats and are 
described on later pages, it may be conducive to deamessif Chamberhn'a original deacrip- 
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■cends by elopes e 
through the lower bed of the Galena 
limestone till the stratum known 
locally as the " blue bed " la reach ed , 
11 shich point the divergent sheets 
airlouod to be 75 feet apart. On 
the pitches the ore is from 2 to S 



one main rrevlce, but Homctlmes 

biaaehes Into minor aeanis, reuniting below. Through the "blue bed" i 
"quarry rock " (not to be confounded with the " Bufl limestone " below, also t 
Biiirrn»ed seam descends nearly vertically. On reaching the "brown n 
ill pilch, and on entering the "gflaas rock "forma an extensive flat, 2 ieet in i 
lag a central sag of 3 feet. Below this point the disposition seems to be tov 
rook mther than the formation of well-defined veins. The dppth Irotii the 
ibmt M Jeet. 



The cross section pven by Chamberlin and reproduced in fig. 17 has been widely repub- 
tiAed and has c-jme to be considered typical for this form of ore body. It has materially 
influenced the conception of the genesis of these pecuUar ore bodies and to some extent has 
served to direct exploration. 

Strike of the pitching crevkts. — .While Chamberti'^'a section is entirely accuratfl, it is 
helieved that certain misconceptions have grown out of neglect la remember that such 
cross sections measure an ore body in only one plane. It is important to inquire more 
particularly regarding other planes, especially those at right angles to the one taken above. 

As presented in this cross section and in those of the Marsden lode.'i Mills lode,!: and 
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utliejij, tbu pn»<i!iii-u of Iwo uiilwanl-pit^hiii); ure builii-a pHnitlcl U> Uiu trend i>f llie main 
crevice ia emphasized. In tlie dtiscription uf the Milk lode the fact is brou^t out Uiat to 
the north there is a third equivalent pitch in the course of the old vertical crevice, or, to 
quote: "Tlie form of this summit flat is not unlike that of a domestic flatiron, the sidts 
gradually approa<;hing each other and uniting in a point directed northward. On the east, 
west, aud north — i. e., on the sides and point — thiaflat breaks down into pitches thttt decline 
about 45°, that on the west being somewhat tlie steepest."" The aucnnipaDying figures 
leave no doulit as to the north pitch beii^ exactly similar in all particulars to that on the 
east and west. The occurrence was treated, however, as wholly exceptional, and the gen- 
eral notion of the parallelism of the vertical ahd pit<J>ing crevices became in time firmly 
fixed.. Grant, in 1903, called attention to the presence in the Enterprise mine of pitches to 
the east and west as well as to the south,'' and in the description of the mine^venon page 
% of this report it is shown that at the southwest end i>f the upper worldngs the jntch is in 
Fact continuous around a half circle, uniting the north and the south pitches in one outward- 
dipping plane, similar to that in the Mills diggings described by Chamlicrlin, Similar 
phenomena in a number of other workings are described and it is believed that they repre- 
sent normal rather than exceptional conditions. 

In the course of the present work Mr. Ellis made a detailed survey of typical section-s 
near both Potosi and Hazel Green, mapping the pitching jc)ints with great care in order t« 
discover any apparent relation between them ajid the dip of the rocks or the vertical joints 
in the area. The results were so unpromising that it was not deemed necessary to extend 
the observations. In PI. X Mr. Ellis's map of the area adjacent to the Hoskin and Kennedy 
mines ia given. The extreme diversity of strike of th^ pitching joints is the moat notable 
feature. If the reader will examine the various mine maps accompanying this report he 
can not fail to be impressed with a similar diversity, which appears the mote striking when 
the general regularity and great continuity of the vertical crevices is recalled. This dis- 
cordance would probably be even more evident if all the pit<^es could be illustrated. 

Despite these facts, it is entirely true that a visitor to many mines in the region would be 
impressed mainly with the presence of those pitches which are parallel or approximately 
parallel to the main vertical crevices. It ia believed that this is due to the empbasia of such 
parallel pitohes by secondary factors rather than to their real predominance. Stresses 
which find relief along an east-west vertical crevice would be apt to emphasize a parallel 
pitching crevice, and underground waters flowing in a ^ven direction, whether enlarging 
their channels or depositing ore, would be as likely to seek out and emphaaze the pitching 
as the vertical crevices. It is believed that the verticals or crevices and the dipping joints 
or pitches represent two different phenomena. 

Hie tendency of the pitches is to conform in strike to oblong or elliptical areas, with an 
outward dip in all directions. 

Origin, of the pUchea. — These peculiar joints it is believed originated in the settling due to 
the consolidation of thicker patohes of the oil rock, ' The reasons for this belief have been 
already discussed (pp. 43-44). 

Posiiion. — The flats and pitches are best developed in the lower part of the Galena 
formation. They reach their maximum size and importance in the beds between the flint 
and the top of the Platteville limestone. They occur, however, as high as the top of the 
flint beds and as low as the "glass rock" of the Platteville. 

Ores of llu pitehes and fals. — The characteristic ore of the flats and pitches is the zino- 
sulphidc ore. It is in them that blende and its associatod minerals are most commonly 
found, though this may be due to the fact that they are rarely developed above water level, 
as well as to their position low in the formatiou. Well-developed pitches were found above 

arhamberiin, op. cit., p. 47ii. 
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water level in the Stewart and Bartlett mine at DubuquciO and yielded large quantities of 
l^ena ore. A similar body of galena was found in a well-developed pilch at Elizabeth in 
1903, and is described on page 80. 

l^e ores found in the pitches and flats U^ar evideni^ of having been formed mainly in 
open spaces. Crust ideation is common and the various fracture planes and druses are lined 
or tilled with the sulphides. In 
the great core of rock between the 
pitches there is a certain amount 
of disseminated ore, which is due 
to metasomatic replacement; but 
even here the rule seems to be 
that of deposition in open spaces. 



Ill the Knl«rpriBO 



Definition. — In certain of the 
mines, particularly those in which 
the country rock includes a con- 
fdderable amount of clay or shale, 

both blende and galena occur in Fir., is.- IHHBeminatiKlBiilenain 
small, scattered crystals, which do mine, Plattev 

not apparently fill previously ex- 
isting cavities. Such ore is known as disseniinuted ore, <ir treiguently as "strawberry 
jack " when the crystals are of blende and of about the size of strawberries. 
The ore forma flats, usually of slight vertical but considerable horizontal eitent. These 
flats in ground plan form long, irreg- 
ular runs, and often show definite re- 
lations to vertical or pitching joints 
which come down through the roof. 

Ores o/tJu: disgemtnated ore bodies. — 
Blende is more common in such ore 
bodies than galena, and as compared 
with its occurrence in other forms of 
ore bodies iron sulphide is rare. The 
crystals or crystalline masses of both 
blende and galena are usually sharp 
angled and idlomorphic. They vary 
from a )UXt«enth to three-fourths of 
an inch in diameter, and occur in cer- 
tain mines in great abundance. This ' 
sort of ore is illustrated in figs. 18 and 
¥ia. l9.-r)i88emln8t«l blendciin oil rock from the Gruiio 19. drawn from specimens of dissemi- 
mlne, MifBln, Wis. nated galena at the Enterprise mine 

and of blende at the Gruno. In both 
leases theore occurs in a brown, fine^ained limestone, such as is typical of the beds in and 
near the oil-rock horizons. In a similar specimen from the Tippecanoe mine, where soft 
shaly layers of oil rock contain blebs and lenses of dolomite, it was noticed that the mineral 
duiwed a instinct tendency to replace the dolomite portions of the rock rather than the 
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Poffi/ion,— DiBseroinated ore is found mwnly in the lowermoet beda of Uie Galena aod t'M 
upper portiuD of tlie Platteville fumiation. It is most abundairt in and near the oil-rock 
liorizou. In tlie sag within the pitches disseminated ore is very common in the oil-rock flat. 

Ori^n.—The disseminated ores represent metasomatic replacement of the rook by ore- 
bearing solutions. Their close association with the uil-rock horizon is believed to be due to 
its relative imperviouaness and lo ita high content of oi^anic matter suitable for the reduc- 
tioD of sulphate solutions. 

HELATIONS OF THE ORE DEPOSITS. 

ozoGKAPHio manusnnoK. 

The location of tlie working mines and of old crevices withiii tlie reg;ion is perhaps suffi- 
ciently indicated on the accompanying maps (Plsi VII-XV). Tlie patchy distribution of 
the ores and the presence of barren ground between the various cunps has been alluded 
to. In the area east cif the region shown in these maps small amounts of galena have 
been found at various points. Tlio extern border may therefore be r^arded as being to 
some extent indefinite and marked by a fading out of the producing territoty and an increasi' 
in the relative extent of the barren interdistrict areas. Viewed in a laige way, however, the 
eastern boundary is rather more definite, and coincides with the Wisconsin protaxis. which 
separates the Galena-Plattevllle of southwestern Wisconsin from that of the eastern part of 
the State. To the southeast tlie apparent limit of the district coincides approximately witli 
the border of the Driftless Area, and there are reasons founded in the geol<^c history of the 
region wliich lead to the belief that this is a real border as well. 

To the south and west the boundary of the district is marked by thickeiiirig Maquokelk 
shale and Niagara dolomite, which not only prevent the exploration of the ground, bu( 
probably control the course of underground circulation. In Illinois and Iowa a number of 
wells have been sunk through the deeply buried rocks of the horizons productive in the 
mining districts. In only one case is there any record of the finding of galena or blende in 
these wells. At Carbon Cliff, 111., a small pieces of zinc blende were found at the Galeu* 
horizon. 

To the north the various sulphides occur in small scattered bodies in the area covered bv 
the Prairie du Chien formation. TTie deposits of AllamakeeCounly, Iowa, are the northern- 
most whidi have proved workable. 

Lookedat inalaz^rway, there is possible signiHcance in the distribution of zinc and lead 
throughout the Mississippi Valley. In southern Illinois and western Kentucky »na1l 
deposits arc found in the Mississippian limestone, which are. in the writer's judgment, prob- 
ably derived from lower horizons. In southeastern Missouri the equivalents of the Oalent 
and Platteville are barren. Someoreisfoundin the equivalents of the Prairie du Chien, and 
the big lead deposits occur in Cambrian beds. In northern Arkansas the ores are found in ■ 
Mississippian limestone and in beds approximately equivalent in i^ to the Prairie du 
Cliien. In southwestern Missouri tliey are in the Mississippian, but are believed to have 
been derived from lower beds. In central Missouri the ore. beds seem to be m^nly equiT' 
alent to the Prairie du Chien. In eastern Tennessee and southwestern Virginia they are prob- 
^ly older. In southwestern Arkansas, except the fact that the country rock is made up of 
altered Paleozoic beds, there is little that is certain. 

KSLATIOKS TO STBAIIORAPXY. 

Ore deponii in the Niagara itoUimitt. — Galena has iHvn found in the dulomites of the 
Niagara formation at a few points in tlie upper Mississippi Valley, although always in small 
quantity and never in amounts sufficient Ui warrant mining. Specimens are said to have 
been found at Sherrill Mound, north of Dubuque, and unsuccessful attempte have been 
made to develop such deposits near Clinton and Anamosa, Iowa. Both these areas «re 

"Udden, J, A„ Seventeenth Ann. Kept. I", S. Oool. Survey, pt. 2, 1896, p. 836. 
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without the re^on discussed here. Within it odIj sm&ll, isolated specimens of galena have 
been toUDd m this formation, and so far as known no blende has been found, so that for all 
practical purposes the formation Is considered to be barren. 

Ore dfpomii in Ou Mai/uolcetaformatiort.—Ctyslain of blende and of galena are occasionally 
fuund in Uie MaquobetB. The only place in the r^oa, however, at which blende has been 
found in quantity is at the Glanville prospect near Scales Mound, III. (NB. J NW. ), sec. 24, 
T. 29 N., R, 2 E.). At this point there are certain thin bandu of dolomite about the middle 
of iJie formation in which some blende and baryta occur. Hie rock is dark colored, earthy 
and of the type commonly found near the top of the Maquoketa, and is well eKpoeed along 
the QluuHs Central Railroad between Apple River and Scales Holind. The blende is 
brown to black in color, and occurs with small crystals uf liaryta lining druses in both the 
weathered and the unweathered rock. The individual masses are one-half to three-fourths of 
m inch in diameter , but are not sufficiently numerous to warrant much hope of finding a work- 
able ore body. A short drift was run in on the bed in the winter of 1903-4, hut did not 
reveal any considerable amount of ore. 

It is believed that the Maquokela as well as the Niagara is fi>r all practical purposes 

Ore deposits in the Galena foniiatiim. — The. grt'at majority of occurrences of ore in this 
ir^oa are confined to the Galena formation. It is found at all horizons from top to bottom, 
Ihough locally particular beds seem to be more favorable than others. In the Dubuque 
district three measurably constant horizons favorable for openings are recognized above the 
lint beds. In Wisconsin certain lower horizons are recognized by such names as green- 
rock opening, brown-rock opening, etc. These do not seem to be equivalent in the differ- 
ent districts and are best discussed in connection with the individual mines. 

Strongo gives the following general section of the beds and openings in the lower portion 
of the Galena : 



GenenUized »ecti^yn showing opening/^ iit tlie Galena formation. 



Gram-rock opening. . . 



BrawD-rock opening. . 



Hese openings are both in the sandy dolomite below the flint beds. Below them is the 
oil rock or "upper pipe-clay openings," which Strong placed in the lower formation, llie 
luge ore bodies now worked are found mainly in the beds below the flints. The character of 
these beds has already been sufficiently described. 

Ore deposits iti the PlatteviUe formation. — In the eastern part of the region, where the 
Galena formation has been largely cut away by erosion, considerable amounts of ore are 
f<Hind in the Platt^ville. This is mainly in the glass rock, at the base of which in many 
places is a thin shale bed that coiresponds in character to certain phases of the oil rock and 
tbat is often confused with it. Below the glass rock is a gray limestone, msgnesian but 
rarely a. dolomite, which ia also reported to carry ore here and there. In the midst of the 
quany beds below it is not uncommon to find a thin shale band, which the miners know as 
the "lower pipe clay." It is reported to carry some ore, but this has not been veri- 
fied. Still lower, between the quarry rock and the St. Peter, is a well-developed bed of 
clay or shale that is referred to occasionally as the "big pipe clay." It is said that drill 
holes near Dodgeville have sliown blende at this horizon, but wherever seen in the field it 

Ore depotiis in ih( St. Peiej- aandstnrw. — ^The St. PotiT is a barren formation, tliough a small 
Miount of ore has been reported from its lop in a few places. The old Crow Branch dig- 
gings have in particular l)een cit<'d in this connection. Chambcrlin b described and figured an 

"Gpoiogy (it WlsconalH, vol. 2, 1S7T, Ji. 605. I- Uoology ol WiaconHin, vol, 2, 1877, p. SIO. 
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x of galena here, but saw do reason for considering the fonnati,ou as properly 
ore bearing. All the exploration of recent years has only the more closely Konfirraed 
bia conclusion. 

Ore deposits in (^ Prairie du Ghienformatiim.~The Prairie du Chien, or "Lower Mag- 
nesian limestone," as it was long called, is a dolomite similar in maoiy respects to the Galena 
andftpparently well suited fo be the locua of ore depoaition. Galena has boon found in it at a 
number of points, and in the aggregate a not inconsiderable amount of lead has been won 
from this formation. The pariiicular occurrences and the possibility that more of such ores 
may be found in the future are discussed on later pages, in connection with the descriptioa 
of the minea. It will be sufficient here to point out that all the known occuiVences are in 
areas where the Galena and Platteville have been carried away by erosion and where the 
topographic situation is favorable for the secondary lodgment of sudi ore as existed in them. 

Ore deposiis in strjuiural basins. — The presence within the region of certain broad, low 
anticlines and synclines was early recognized, lliey were elaborately discussed by Cham- 
berlin," who reached the conclusion that the irregularities were primarily depoaitional In 
character and secondarily deformational. He also made the generalization that the ore 
deposits were, in the main, at least, confined to the sjnclines. All of these conclusions have 
been confirmed in the course of the recent survey. 

The general shape and depth of the basins have already been discussed and iUusttated. 
Moat of them are believed to have suiTered deformation so slight as to be almost negligible. 
It is preferred, therefore, to use the noncommittal term basin rather than syncline. The 
slope of the sides of these basins is in most cases so gentle as to be rec^^ized onl}' by means 
of instrumental surveys. If the bottoms of the basins were exposed, they would, with few 
exceptions, have so little slope as to be thoroughly practicable railway grades. It is diffi- 
cult to conceive of beds being laid down much more evenly and equally difficult to think of 
lateral pressure or tension buckling the beds so slightly. 

Grant, who has especially studied these basins and to whose painstaking care their actual 
delimitation on the accompanying maps is due, has discussed the relations of the ore deposits 
to them, 6 with the following conclusion: 

to tb«ee ByncLinsl baaias, but it is veryevideat that a large number of tbe important depoE its ara so 
located, and there can be no question aa to the cauaaJ relation oJ theae etnictural forma to the ore 
deposits. 

Chamberlin, in his discussion of the phenomena, considered both the major lines of defor- 
mation, such as the Meeker's Grove anticline, and the small, shaUow sag almost invari- 
ably found between the pitches in the mines. TTie pitches were correlated with the basin 
structure and held to be an expression of the tendency of cracks to diverge toward the con- 
vex side when beds are bent. On this basis the sag in the mine must be considered as a 
minor basin within the lai^r one and, if related to it as a secondary, tertiai;, or nth order 
expression of the bending, should be either parallel to the axis of the major basin or at a 
right angle to it. Actually there is no constant relation between the two, and in the cases 
where the facts are best known — the Enterprise pitches, the Doll, the Mason, the Coker, 
and others — the sag and the pitches run at an angling course down the structural slope. 
The correlation of the minor sag and the pitches as seen in the mine is undoubtedly cor- 
rect, as the relation may everywhere be seen to be close. As already indicated, however, 
the strike of the pitches bears no constant relation to the dip of the rocks, which reflects the 
structural basins shown on the maps. It is beliei^d, therefore, that the sag and the pitches 
represent a dilTerent sort of phenomena from the larger basins and that beyond the fact that 
they occur within the basins there is no direct relation. 

QBOtogy of Wisconatr 
t Structural relations i 
233-242. 
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The fact that the crevice and openiiig depositj^ ahow close relations to the vertical joiDte, 
vbile ^e pitehea and flats are related to the dipping joints and minor sa^, has already been 
stated. The diBseminated orea occur usually witJiiD the broader, shaUower basins, and at 
least Id part are lesa directly related to pitches than to vertical joints. 

XSLATICniB or TKB ORU TO TOPDORAPHT. 

Tbe fact that the deposits of the region have so far been found under topographic slopes 
rather than in uplands or bottom lands has long been recognized. Chamberlin quotes with 
approval Wilson's observations regarding the crevice deposits as follows :<• 

First, where the crevice passes directly under the ridge, B.t right anglea, it uBually encounters close or 
barred ground and is lean under the steep face of the ridge, but develops its groaieat openness ajidrich- 
cMa under the more receding brow, wbile as It approaches tbr Bumnilt it usually pinches up and becomes 
unproductive; second, where the crevice passes obliquely under the face of a ridge, it Is usually meagerjy 
prDductive; and third, when it pursues a course nearly parallel to the surface contour, but neither near 
Ike summit nor under the steep (ace of Ibe ridge, Its situation is favorable to productiveness. 

TlKae observations seem well founded and accord with whet is known of the occurrences 
of ore in the old ranges. Such occurrences are at present relatively unimportant, however, 
IS compared with the lower pitches and flats. The honeycomb ore, originating in the same 
way as the crevice ore. might be expected to bear the same relations to topography. If so, 
llie Hazel Oreen mine affords an exception, since the main deposit, recently worked, oc- 
curred under the bottom land, though, it is true, in a minor valley. 

TTie pitches and fiats have so far been found mainly linder topographic slopes. The 
Rowley mine furnishes an eiception in a deposit devekiped under bottom land. It is pos- 
»ble that if the drill lie mure used in the location of deposits and less attention be paid to the 
old workings, an increasing number of exceptions may be found. 

R^arding the topt^raphic relations of the disseminated deposits GraDt has recorded the 
following observations: & 

ir. In other words, the oil roeic and Che shales that sepa- 
rate the Trenton irom the Uaiena are in alHiases above the present drainage level of the vicinity. More- . 
over, as far as seen these deposits occur near the bottom ot email valleys tributary to the main river 
valleya. Ofcoursctheotcurrsntootoreiu such positions would betheflrst to he recognlied to prospect- 
ing, and it may be that this ore will be found not only under these valleys, but also under the higher 
land which separates them. At the present time, however, mining has gone only far enough to show 
Uiat along these small valleys the ore does occur. 

The explanation of these various relations is doubtless to be found in the control which 
topopaphic form exercises over undet^round circulation and the exceptions are due to 
structural or other featureH which outweigh the ordinary agencies. 

With regard tii the relations of the region as a whole it may be noted that the deposits are 
found in a nunglaciated area having a mature erosion topography marking a period of pene- 
planation which has been succeeded by a relatively short epoch o( stream cutting. This 
physit^raphic history is strikingly similar to that of the zinc-lead districts of the Ozark 
legion and of the southern Appalachians.. 

XZLATIOHB OF TBE 0KE8 TO TmOEROROtntll-VrATER LEVEL. 

The lead ores in this region have been found mainly above under^round-waCer level, 
Ille zinc ores have been found mainly below it. The zinc-carbonate ores are found slightly 
above and slightly below the water table, while the Kinc-sulphide ores are found almost 
entirely below. Tlie iron sulphides are found with the blende, as is also a certain amount of 
galena. 

iQeoloB' of Wisconsin, vol. 4. 1882, p. 447. 

6 Bull. WlaconBln Oeol, and Nat. Hist. Survey \o. tt, lliUi, pp. i»-(ili. 
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While the level of underground water is an irregular surface reflecting the inequalities of 
the present topt^raphy, as a whole it bevels the beds frtHn aouthwett to northeast. It fol- 
low! the present surface, which, as already no(«[l, is a dissected pen^Mn. Owii^ to the 
general dip of the rockn to the aouthnest, there is accordii^ly a greater distance betw««n 
the oil-rock horizon and "underground- wat«r level south of Galena and Dubuque than farther 
northeast. Indeed, locally over the central portion of the area and rathor generally in the 
northeastern portion the oil rock is above water level. 

In the mines now being worked the latest and richest bodies uf ore are found below the 
water level, but within a short distance of it. 

In several of the basins in which the mines occur local artesian conditions are present and 
a generous flow of wat«r is found when a drill hole penetraten the j^lsss mck. General 
artesian conditions extend under the district as a whole, and wat«r may be found in the 
Cambrian sandstone almost everywhere, though owing t« the topography flowing wells 
are not to be expected. 

RXLAIICnre 07 THE ORXB TO THZ OH-KOOK SOUZOM. 



In the discussion of the stratigraphy attention was tailed to certain beds known locally aa 
the oil rock. As ordinarily found in the mine this material is a brown or black drnle, be- 
tween the layers of which are thin lenses or blebs of magnesian limestone or dolomite. The 
limestone and dolomite are also uimally brown and often line grained and brittle, breaking 
with a clean, conchoidal fracture. These lieds varj-in thickne^from a few inches to 6 or S 
feet, thou^ the sbaly matter itself does not usually form any single band more than 1 foot 
thick. Beds of shale 2 or more feet thick do, however, occur. 

'nie most striking peculiarity of this rock is the presence in it of organic matter in the 
form of fossil gum, which is abundant not only in the af^wrent shale but also in the lime- 
stone lenses. This is not carbonaceous in the usual sense, but contains so much of the 
hydrocarbons that it may iisuafly be readily ignited, at times even with a mat<h, and bums 
with a clear, luminous flame and a petroleum odor. . 

IKsseminated ore is freqtiently found in the oil rock, and pitcfaee and flats are developed 
above it, l^e oil rock is seldom seen in any considerable thickness outside the mines, 
though it is not of such a nature as to be especially destroyed by weathering. In quarry 
and natural sections where the oil-rock horizon occurs, it is usually very thio and much less 
characteristic than in underground workings. It is believed that them is some significance 
in these facts, and the genemli/fltion is proposed that the ore bodies are, in the maio, con- 
fined to those areas in which the oil rock is thick. There are doubtless exceptions due to 
special causes. Apparently the thick oil rock, the sag, and the well-developed pitches go 
together and the whole set of coordinate phenomena are confined mainly to the structural 
basins already discussed. 

It is believed that the .sag and pitching crevices are due to the settling down of the beds 
coincident with the consolidation of the oil rock resulting from decrease in bulk as the more 
volatile portion of the organic matter was given off. In this explanation, account is taken 
of the sbaly bands, similar in composition (o the oil rock, that are occasltmally found below 
the glass rock. The areas of thick oil ruck are believed to represent irregular accumulations 
of the remains of uniccllukr algw within the depositional basins, which, being later in part 
deformed, are now the siructural basins in which the ore bodies arc found. This hypothesis 
is further discussed in coimection with the genesis of the ores (pp. 134-136). 

AGE OF THE ORE DEPOSITS. 

The ore bodies now being exploited are doubtless due to concentration or reconcentration, 
through the action of ordinary underground waters. It b difficult to suppose that much 
concentrationwaselTected until the heavy Maquoketa shale was removed by erosion. If the 
physiographic interpretation outlined in an earlier part of this paper (pp. 15-16) be correct,' 
the concentration occurred when (he Lanea-^ter peneplain was cut, and the best evidence 
■ -vailable assigns this ti) the lalo Tertian.-, .\ccording to (his view the present ore bodiea 
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wore tberefore formed not earlier than the Ute Tertiary antl it is probable that n>Di«ntratiaD 
isstillgoioKon. 

The period during which a peneplain U being completed seema eapecially lulaptml U> the 
cooceDtration uf such ores, iince the undecsround nalera huvo thpn a particuhu-ly short 
rertical range hh iwmpared with the hurizontal i-umponant uF their couraes. Solution 
becomes unusually active relative to abmsiun, and the geatle slopes lead to a slow move- 
niHlt of the waters whereby each portion hai time todi It' full Mhare in chemical denudation 
and tntnaportation. These ore bodies, it is believed, were ronceiitroted mainly under such 
roDditiona, and it la probaUy aigniRcunt that the um uf the Joplin arm, tlie southern 
IQiDois-Eentucky area, and a portion at least uf the Vir)(inia lietdi sustain similar relations 
to a peneplain of nearly the same age. Whether tliere wen- l)efore this epoch ore bodies 
fmn which the present depowts were developed in less certain and is mainly of theoretieal 
importance. 

After the peoeplaio wax elevated and while tli« present alreaui cliaunels were being cut 
the water level sank and, pari pa.'uu. much of the un' was carried down a short distauce. It 
is b^eved that to this relatively recent action is due mainly, though not wholly, the present 
vertical arrai^ement of the ores. 

DESCRIPTION OP MINES AND DISTRICTS. 

GENERAL KELATION.S. 

The groupii^ of the mines into districts and subdistricts is one of the striking features of 
the r^on. This grouping has long been tpcugnized and indei'd. as pointed out by Chambei^ 
Go," practically all the centers of mining were located within the first few years after the 
r^on was opened for settlement. Certain of these districts, as that of Elisabeth, are 
sharply defined and are separated from their tiearest neighbors by considerable areas of bar- 
r«n ground. Others, as the Hazel Gppen and Benton, aw more or less well connected with 
each other. These differences are believed to be not wholly due to the extent to whidi the 
inlerveiUT^ territory baa been prospected, but to be in part ori^nal and genetic. In 
describing the individual mines, therefore, the attempt will be made to define, as closely as 
oaf be, the separate districts and to discriminate the sul^roups of mines. It will be con- 
venient to describe the mines in a general way from the southwest to the northeast, since 
thereby those in the upper portion of the formation, the first to li? worked and the simplest 
ID tonti and genesis, are first taken up. 

In the following pages no attempt has been made to describe and locate all the mines in 
the region. Many of the old mines have long since been abandoned, and the matetoal for 
aich descriptions is either lacking or already in print and available to anyone carii^ to look 
It up. PI. VII shows, with such accuracy as the small scale of the map permits, the general 
distribution of the old workings and crevices. The data for this map are token from the 
pubUcations of the older Wisconsin Geological Survey, to which the reader is referred for 
'Additional details.^ The present significant of these old workings lies in the fact that 
I'ccent prospecting has very commonly shown blende deposits lo be present below the old 
lead woridngs. This is not a universal rule, and there are good reasons for anticipatii^ 
niany exceptions. It is, however, so frequently true that tlie old lej,d dig^ngs become the 
"list important factor in the selection of ground in prospecting for zinc. 

PI- VII also shows the areas covered by certain large-scale detailed topt^aphic and geo- 
logic maps, which, with the exception of the Dubuque and Potosi slieeta. were made under 
the direction of Doctor Grant for the Wisconsin Geol<^cat and Natural History Survey. 
IV Potosi map was made by the United States Geological Survey, but was published with 
'he others by the WiscouMn Survey, f The Dubuque map (PI. VIII) was made by (he United 

° OeoJogy ot WiKonsin, vol. 4, ISSZ, p. Xia. 

' Atlai rt'isconaln OhjI. Survey. 

•"- ■ •' "...Kept.™ ■ ■ ■ ■ ■ ■ 
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Statea Geol<^cal Survey, and has not yet been published on the large scale. Reduced cop- 
ies of some of these maps and parts of thi? others form platex accompanying the mine deacrip- 
tioDS. On them the geol<^[y and topography is shown by the usual c^onventions. In addi- 
tion, structural contours are shown by heavy dai^-green lines. These structural coqIdute 
are drawn on the oil rock at the baae of the Galena dolomite and by subtracting from tbe 
elevntion of the surface, a* shown by the tupographic contours printed in brown, the eleva- 
tion of the oil rock, as shown by the atructural contours printed in dark green, the distanw 
frc«n the surface to the productive horizon can be determined. In the case of the Dubuque 
map it is not certain that the contours exactly represent the facts. The baae of the Galena 
is practically unknown in this district, so the contours have been located by subtracth^ a 
uniform distance of 250 feet from tbe baae of the Maquoketa. Hiis is on the assumption 
that locally any unconformity between the Maqu<^eta and the Galena is negligible and thai 
the Galena is of uniform thickness. It in not oertnin that either assumption is entirely cor- 
rect, though both seem to be. The map should be used with caution until drilling either 
substantiates or disproves these assumptions. In the following descriptions there ismucb 
repetition, but this is inevitable when any considerable number of mines are described, and 
serves a useful purpose in indicating roug^ily the relative frequency, of occurrence of certain 
features in the deposits. Only those mines are described which were visited by some mem- 
ber of the Survey in the course of the work. 

The writer's observations have been supplemented mainly by those of Mr. E. E. Ellis, 
nfao assisted him, and of Dr. U. S. Grant, who studied the Wisconsin mines, first for the 
State independently and later in the course of cooperative work carried on by the State and 
national surveys. His notes, as well as published observations, have been fully drawn on 
in preparing the following descriptions, as have those of Mr. Ellis. In addition the writer 
has used material and notes that were collected some years ago while he was connected with 
the Iowa Geological Survey and that have been courteously placed at his disposal by the 
present director. Since the work was completed a large number of old mines have been 
reopened and additional deposits have been located. Moat of these are mentioned m tiie 
list on pages 9-10, but even this is not entirely complete, since only those properties in active 
operation at the time the region was last visited are noted. 

Certain districts have been treated in greater fullness than others economically more 
important, because the material available permitted it and for the further reason that tbej 
particularly well exemphfy certain features of the depoats. The Dubuque district, for 
ejtample, which at present produces very httle ore, affords excellent examples of the u^vlce 
and opening type of deposits. The Dodgeville district, on the other hand, illustrates equally 
well the occurrences of flats of ore in the glass rock of the Platl«ville, Probably the best 
type of the disseminated deposits is to be found along Little Platte River, west of PlatleviUe, 
while the honeycomb and aprangle ores are excellently developed at Hazel Green. 
-^ Only the mines in the Galena and PlatteviUe formations are described by districts. TTib m» 
found in the Prairie du Chien and lower formations is described separately. 

MINES IN IOWA. 



History, — The Dubuque mines were the first in the upper Mississippi Valley le be 
opened and among the first in America to be developed. In earlier years they were the 
most important source of lead in the world, aside from the mines of northern England and 
Spain. At one time they were considered far more valuable than the "lower Missisdppl" 
or Missouri mines, but for nearly half a century the lead production of this district has been 
relatively unimportant. The early mining wat altogether for lead. Zinc ore has been 
known to occur for nearly a century, but has been produced only since 1880. While 
Imth blende and smithsonitc an' present, the principal production has so far been of the 
lattitr. Aside fiom a few attempts at deeper mining made when galena was the mineral 
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sought, veiy little pumping lias been duii<', and tlic un' ho tar vnni Lau i;uim' mainly fruni 
abore water level. At present littl? niining is b?ing cmrii-d on, and in describing the 

dishict it ia necessary •" f^ly mainly on existing reports. 

In connection with the firat Geological Survey of Iowa, J. D. Whitney studied the Dubuque 
mines at a time when lead mining was being actively carrii'd on. His wide experience and 
eiretlent judgment give his descriptions'! unusual value. In 1S96 A. G, Leonard gave a 
concise description of the mines and mining industry.^ In 1S90 and 1900 the writer, then 
connected with the Iowa Geological Survey, made a restudy of the district in cooperation 
nitJl Prof. Samuel Calvin, l^e report made at that timec has been very fu]|y drawn on 
in preparing the following pages. The mining industry of the Dubuque district has made 
but little pn^ress from 1900 to 1605, so there is little to add to the other report. 

The map accompanying tliis report (PI, Vlli) was prepared from field surveys made by 
E. E. Ellis, asEdsted by J. R. Bannister, 0. H. Cox, and W. J. Read. The distribution of 
Che crevices is taken from a map prepared in 1809 by the writer, with the assistance of 
W. H. Guilford, of Dubuque. 

Geographic limilg.— The mines of the Dubuque district proper are all within the limits of 
the area shown in the special map (PI. VIII). Most of them are within the city of Dubuque. 
A few bodies of galena have been found in Table Mound and Mosalem townships, to the 
souths considerable mining has been done at Durango, immediat«ly to the northwest, and 
aonie lead ore has been found near Sherrilt Mound and Rickardsville, in JeSerson Township. 
In 1603-4 a mine was being opened in the northern part of the county soutii of Buena 
Vista, and \a ClayUin County mines were formeriy open near Buena Vista and Guttenbeig. 
Tliese outlying mines, except at Durango, have never been heavy producers. * 

Qtologic posirion. — All these mines are in the Galena dolomite and, except the Guttenbeig 
mines, all are in its upper portion. Althoi^h the entire thickness of the Galena formation 
is exposed within the city of Dubuque, the ores have so far been won ainjost entirely from 
tiie upper 100 feet. By far the largest amount of ore so far discovered has come from 
within 90 feet of the top of the formation. Most of the Dubuque mines are situated on the 
sides of long Anger-like ridges reaching over toward the river, and a considerable thickness 
of the overlying Maquoketa shale is commonly passed through in sinking. There is no 
record of any mining at Dubuque within a hundred feet of the base of the Galena. 

Oharaeter of the oreK. — The p*rly mining at Dubuque was directed altogether toward the 
winning of lead ores. Galena was the principal mineral mined, though minor amounts of 
cemssite were aho found. Pockets of lead ore are still encountered and individual deposits 
containing over 500 to 1,000 tons have been discovered within recent years. Since 1880 
anc carbonate or "dry bone "has i>een mined more extensively than galena. This, as well 
as the galena, haA so far been mined only above water level. In the Alpine mine, in 1S98- 
ISOO, considerable bodies of mixed carbonate and sulphide of zinc were worked, and in 
olher properties similar ores are known (o occur at about the water level. From the Pikes 
Peak mine in 1899-1900 sevei-al carloads of a mixed blende-galena-marcasite ore were 
shipped, taken from just below water level. The prevaihng low price of zinc and theimprae- 
^bility at that time of cleaning sucli ores led to the abandonment of the enterprise. Id 
1895 a mixed galena-pyrite honeycomb ore was worked below water level by the Dubuque 
Lead Mining Company, as described by Leonard.'* This kind of ore body is unusual, both 
for the district and for the region. 

Form and size of the ore bodiea. — The ores at Dubuque occur almost entirely in crevices 
Pitehes and flats have been found in only one or two instances and a 



nowhere well developed in the beds so far investigated. The crevices are vertical, and 
while north-south and quartering cjevicea occur the mwn ore bodies have so tar been ' 

■ Whitney, J. D , Qeoiogy of Iowa IHall), vol. I iw^ n" aiT_iri 
^Leonard, A " ■--"--■» .-..-- 
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found iij cast-wi-st iu'viow. Tlie liditvit d('poHil« han' Imuti fuudd uL ciiBsinpi. Tin- iiiuiii 
crevices &re usually in closely !<paced parallel groups kuown aa ranges, and individual 
ranges may be identified with fair degni" of rertainly for as much as 2 miles. Develop- 
inent ia genpr^y eonfined to a quarter or a half mile along a raEge, Theore occurs in 
horizontal slioots or runs, locally called openings, from the rircumHtance that such runs 
are usually in soft or op^i; ground. BrtwiXin openings thr orvvicc is normally veiy narrow 
or entirely closed, though in places tho ore extends in vertical shoots or chimneys from one 
opening to the other. It is customary lo recognize thiee such openings in the district, and 
these are numbered from the top downward. White it is not probable that these can be 
widely correlated, they have a certain local significance. They are known as the "top," 
"middle," and "third" openings. 

The top opening is the one more commonly worked in West Dubuque. It may be seen 
in the quarries on Eighth strei-t and ia represented iu J'l. VI, -1. It occurs in the heavy- 
bedded dolomite lying between the upper thin bed.^ and tho Receptacubtes zone. It is 
about 20 feet above the latter and 40 feet below the base of the shale. At this horizon 
there is a firm, heavy layer of dolomite about 2i feet thick, known to the miners as the 
cap rock. Below it is usually another firm bed 8 to 9 inches thick, under which come cer- 
tain thinner beds, which disintegrate easily and produce enlargements or openings wbere 
the formation is crossed by the crevices. These openings may be entirely clear or may be 
partially occupied by weathered dolomite or dolomite sand. The opening is ordinajily 
about i feet high : but by caving in of the roof and solution of the fragments chimneys are 
formed, whicli in pUces eiitend up to the overlying ahale. This opening ia not always 
found at tfce same horizon, hut is generally present at or above the hurison indicated. 

Hie middle or second opening occurs in the heavy-bedded dolomite between the Recep- 
taculites zone and the flint beds. In West Dubuque it is ordinarily 40 to 50 feet below the 
cap rock of the t^p opening. 

Hie third opening is found about 26 feet below the cap of the second and is the one 
worked in many of the West Dubuque mines. It is a short distance above the flint beds 
as developed in this vicinity. In the top of the flint beds a fourth opening is sometimes 

Not all the openings are everywhere developed, though it is common to find two or even 
three in a sin^e shaft. In cross section they do not diSer much, and chimneys often extend 
from one to another. I'itches and flats have not been worked extensively in the I>ubuque 
mines, thoi^ a north pitch was found in the Alpine mine le^iding down from the third 
opening, and Whitney" figurea well-developed pitches in the Stewart and Bartlett mine at 
a level possibly higher. ■ 

IForjKn^miTtCT.— At the time of this survey comparatively little mining was being carried 
on at Dubuque. A httlegalenaandsmithsonitewere being raised, the principal output being 
from the Avenue Top, the Fourteenth Street, and the Greenhouse mines, which were opei^ 
ated, respectively, by John Alexander, Hird & Dolan, and George Frost. These are all 
typical crevice and opening mines, such as are described above. In the Iowa reportl" the 
detaila regarding individual crevices are given bo fully that it aeema hardly neceasary U> 
repeat the description. Certain of the mines have already been described in discussing 
the form of the ore bodies and the main centers of production are shown on the crevice map 
(Pl.VIII) accompanying this report. In general, it may be said that practically all the 
crevices shown on the map have been important producers of galena, and many have yielded 
zinc carbonate. The largest tonnage of zinc ore so far shipped probably came from the 
Durango mines, to the northwest, just outside the area of the special map. The aggregate 
production of the mines in sees. 25 and 26, known collectively as the West Dubuque mines, 
has, however, been considerable. These and the other mines in the district have been 
worked only down to water level and in several areas, notably the Pikes Peak in sees. 33 
- and 34, considerable blende is known to occur below. 

" a^iogy of Iowa (Uall|, voL 1, IS58, flg, 49, p, 450. ' Iowa Geol. Burvey, voL 10, 1900, pp. 529-689. 
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Aw^y froui tbeinuu»diat« vicinity ot Uubu<iui- [lie );u1ciih duluiuiU' baa uut tdf urdvd inuvii 
ore in Iowa. lu ClajhMi Countj, ueftr Gutt^nberg and Buena Vurta, lead ore was formerly 
rained, utd tti« old diggiugB tave been described b; Leonard.o Re(«ntlj an effort has been 
mMfe to rei^en certain of the'oM lead niioes south ut Buena Vista in Dubuque County. 

lite PitEpabick Mining Companj, of which J. N. Britt ia superintendent, has opened a 
mina inseci. 3, T. 90 N., R. 1 W. 'Hie Maquuketa afaale here caps a long ridge running out 
to tbe fast, and pknJlel to the ridge is an old lt>Bd range, trending N. S!)° W., along which 
the present woriung^ are located. No. 4 ahaft begins about at tbe t«pof tlie Galena formai- 
mation, and at a depth of 110 feet is connected with the riiuin IpvpI »f the roine. Id tbe 
pump shaft, located about 1,000 feet to tbe west and on lower ground, lowel horizons are 
penetrated to a depth of-fiO feet. The lowest workings are accordin^y in the flint beds of 
the Galena formation, approximately 100 feel above the oil rock. The present woritings 
afaow the (vevice and opening type of ore body. No drilling has been done to del«nnine 
whether pitches and flata are present. Both lead and zinc ores are found and in the paat 
itoportant amounta of lead ore have been shipped. At present "cog mineral," to the extent 
of <Hlfy a few tons yearly, is found in the loose dolomite sand of tbe upper levels. 

Tbe sine ore consists mainly of blende, though there is a iitlle carbonal«. Very little 
galena is found in the blende. The ore below water level shows a dark-colored blende 
occurring in a cavernous dolomite with a thin sheet of iron sulphide between the blende 
and the rock. It is very aimiUr to that described as found at tbe Pikes Peak workings, 
southwest of Dulnique, and is of the type railed "honeycomb" or aprangic in Wisconsin. 
Above water level tbe iron sulphide has been largely altered to limonite, and the blende 
is minutely porous. About SCi feet east of No. 4 sbaft on tbe main level a face of such ore 
10 feet wide was exposed when the mine was visited. Similar ore was reported approxi- 
mately 100 feet in advance along tbe course of the opening, having been located by a 
winze from a higher level. 

Hie topographic location of the range parallel to a ridge and part way down tbe slope ia 
vety favorable to the concentration of the ores. The present ore body doubtless repre- 
sents, in tbe main, concentration at or about an old water level. TTie top of the Platte- 
ville may be seen near North Buena Vista station, at about 650 feet above sea level. It 
shows there no oil rock and only a little shale. At the mine it is too deeply buried to 
allow anything to be determined except by drilling. 

The mine is well equipped with rrossbead pumps, st«am boiler, and Sampson engine, 
A mill was reported to be in process of biitidtng in the winter of 1905>fi. 

MINES IN ILLINOIS. 



The Illinois portion of the upper Mississippi Valley region was made the subject of spe- 
ual study in tlie summer of 1903 by tbe nrtier, assisted by Messrs. E. B, Ellis and A. F. 
Crider, The results of that study have been published in a. bulletin, accompanied by a 
special map on the scale of 2 miles to the inch fr From this report the following mine 
descriptions are taken, with a few minor changes and additions. 

In the summer of 1903 there were in northern Illinois about fifteen places at which 
mining or prospecting was being carried on vigorously. A much larger number of old dig- 
gings were found in the district, and some of these not improbably are prospectfld more 
« kaa during tbe winter season. No attempt will be made here to systematically describe 
these old workings, but the following brief description of the mines visited will illustrate 
nhat may now be learned about tbe district and suggest something of what continued pros- 
pecting may be expected (o show. Tlie location ot each of the mines is indicated on the 
sccompanj'ing map (PI. 11), For the locations of the crevices, so far as tbey were known 
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Bl the tiatp when Irad mining wait mostftctivf, Ihp rrmderis ivf«iTMl toPl. VII uid Ut Whit- 
ney's nup,a ■ccompsnying bia nport to the State geologist of Ulinois, together with the 
map oF the crevices of the entire diBtrict in his later report.^. 

The altitudes given in the foUowiog deacriptions were all drtcimiiied bj aneroid, checked 
as carefully aa possiUc on railway lerets. Ittey should be regarded as spproxiniate only. 
In addition to the occurrences descrihed here, which belong maitily to the Oalena, Sand 
Prairie, and Elizabeth districts, some lead has been found near Warreti and at various other 
points in eastern ^o Daviess County , extendi!^, in fact, as far east as Freeport, Stephenson 
County, lliese eastern workin'is have never been extensive and nothif^ was being done 
in that area when these investigationa were made. 



WaUn mme.—thiB mine is locat«d on the hill within the litnita uf the city of Galena. 
It was for some time under bond to the Grsnt Reduction M'oriis, which sunk several sb^ts, 
put up a concentrating mill, and shipped about 80 tons of line ore before forfeiting the hood. 
The main output has been of zinc ore, and about 500 tons of mixed sul|^ide and carbonate 
ores are reported to have been shipped. A{^>roxiniial«lj as much more was in the stock 
piles at the time the mine w&s visited, h earlier years galena was taken ^m the crevice, 
hut the amount is not known. Drilling for deeper ore bodies is DOW under way. 

The mine is loi^atfd on un east-west urevice, which ba^ been traced a mile or more 
along its course. Hie elevation of the curb of the pump shaft is 762 feet, as determined 
by aneroid. Tliis shaft starts some feet below the base of the shales, and liie present 
workings are in the beds of the Galena dolomite lying above the flint, A drill hole on 
the property is reported to have encountered the oil rock at a depth of 228 feet, corre- 
spondii^ to an altitude of 534 feel above aeji fc-vel. 

'Hie main shaft follows a narrow crevice through solid dulotnite into an opening the base of 
which, as developed in the summer of 1903, was approximately 100 feet below the surface. 
The opening is covered with a Hrm cap rock which marks the upper Receptaculites zone. 
Below the cap rock the opening, as first found and as yet shown in the west end of the prop- 
erty, Ls about 18 inches to 2 feet wide and 3 to 4 feet h^. The sides show coarsely ribbed 
saJidy dolomite, marked by solution cavities. The bottom of the opening is occupied by 
dolomite sand containing broken pieces of rock. Faither east along the crevice this loose 
material has been excavated to a depth of 35 feet, the crevice in that depth widening until it 
reaches an average of 10 to 12 feet from wall to wall, with a maximum width of 20 feet. This 
open cavity is several hundred teet long The ore was found in the lower 4 to 5 feet of the 
loose material and similar ore may yet be seen at the west end of the stope. Both blende and 
zinc carbonate occur, though the latter is the more common. Minor amounts of galena and 
alittleironsulphide are present. These minerals are found in broken pieces mixed with thesand 
as coating on the fragments of rock and the walls, and in small flat sheets running into the 
walls along the bedding planes. Usually there ii between the blende and the rock a thin 
film. 1 or 2 mm. thick, of iron sulphide. Not tnfrp(|uentl> this has been altered to limonite, an 
alteration proceeding from the wall rock toward the blende The hiende itself shows, on 
weathering, (hat it represents thin sheets deposited concentrically over the rough surfaces of 
the dolomite. It is often completely altered to smithsonile, thoi^h retaining its original 
form. TTiere are a number of small crevices intersecting the nuun ore, and at such oposslnga 
the amount of galena is said to increase. 

Nothing certain ia known as to the occurrence of lower on. horizons. The present work 
extends to only a few feet below water level and not to the horizon at which pitches and 
flats, if present, should be expected, 

IMlle Corporal miiie.^This mine is located on a well-developed east-west crevice (N. 
891' E.) upon which for one-half to three-fourtlis of a mile old working are indicated by 
dumps. The present workings are connected with the surface by means of a shaft 1 10 feet 
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deep. The curb of this aitaSt it! at tui altitudp (rf 763 Irei, slightly fallow the baiir nl the 
MiquoketBi ^ale. llie oil rock is reported from a neighboring drill hole nt .'i06 feet above 
tide. The workings are accordin^y Id the beds above the flints, which seem here not to 
extend as high in the formation as usual by a few feet. The workings are now aloog what ia 
locally known as the first pipe-clay opening. Some wort has been done 20 f«et above this 
opening, but in general the upper ground sliowed very little urp, and this mine ia exceptional 
in that considerable bodies of zinc ore are found where no large body of galena wa^ taken from 
the upper ground. 

At the time the mine waa visited the knver drift was approximately 400 feet long. "Rie 
opening varies from 8 to 12 feet in height, being doeed usually by a finn cap rock in which 
the crevicn is marked by a mere line. In places it eould be seen that above the timbering 
there were chimneys connected with the opening. Hie drift varied in width from 6 to 
16 feet. Elast of the shaft there seem to be two parallel crevicea, one of which is not well 
marked to the west. The ore makes on fitst one and then the other, and east of the sha/t is 
cut oft by a bar of hard rock coincident with the croaaings of a north-south crevice. The walla 
diow the normal cavernous dolomite. The pipe clay, from which the openii^ ia oamed, is a 
thin parting of clay, not usually more than half an inch thick, but sufBciently Impervious to 
have localized the flow of underground water and so to have cAUsed the formation of the 
opening. Apparently water flowed aking both its upper and lower surfaces. 

The predominant ore mineral is Uende, very little galena or carbonate being present. This 
is one of the cases of blende farming in quantity above the flats and pitches. "Hie present 
nork is 30 feet below the plane of permanent water, but is within the zone of oxidation, as 
shown by the brown color of the rock and sand. The flow of wal«r is ateady, but the amount 
is not known. 

The usual thin fllm of iron sulphide occurs between the blende and the rock, and there are 
occasional large crystals of pyrife. For this r^ion, however, the ore is unusually free from 
iron sulphide. As a rule the tailings are cle.an, and the ore does not need roasting and cJean- 
iog. As much as 14 tons of concentrates is said to have been produced In a single mill ahift. 
The concentrates are said to nin from 50 to fiO per cent in zinc and 2 to 4 per cent in iron. 
When viailed the plant consisted of an 80-ton concentrating mill, a croes-head pump, hoist, 
air compressor, and two drills, the whole driven by gasoline power. The mill started in July, 
1W3, but closed down soon after. 

VeberojulCrinfimme. — This mine includes several shafts along a crevice running N. 85° E, 
The top of the central working shaft is at an altitude of 813 feet. Galena is the only mineral 
"hipped. The Ihinkel and Link, a similar le*d prospect, is located near by. 

Vinegar Hitt mine. — In Vinegar Hill Township there are many old workings and the are-a 
^^ produced a Isi^ amount of lead. Efforts were made in 1903 to reopen several of these 
mmea, among which was the Vinegar Hill mine. This is located in a small ravine running 
toward Fever River, the top of the shaft being 33 feet below the base of the Maquokcta shale, 
the crevice runs east and west and has yielded galena at a depth of 29 feet, A new shaft was 
aiDk, and a drift run to the east 10 feet below the old workings. A very neat and effective 
^uipment, with a gasoline engine for power, was in operation when the plant was visited. 

I'or Rwer VdUey mine. — At this mine there are two shafts on an east-west crevice, one more 
fhan OH feet and the other 65 feet deep. The shafts begin a few feet below the base of the 
^le. Both galena and blende have been found in small quantity. 

(Xdtjtinirg ^niTW.— This, probably the best known of the mines near Galena, was not open in 
ihe summer of 1903. TTiere are two shafts, the lower 100 feet and the upper 140 feet deep. 
Tlie altitude of the lower is 800 feet and of the upper 830 feet, the nearest exposure of the base 
of the Maquoketa shale !>cing 832 feet. This mine has been described by Chamberlin and 
t? Grant. The latter visited it in the summer of 1902, and bis description is as follows ^o 

lovard the eastern part ot ttrn mine, Tbe on twdy ts in a vertical sheet and is an example of tbe honay- 
«™ib depOBits. The thlctnesa of the sheet variee from almost nothing up to about 30 (eet, and it hae 

"Bull. WiwouaiiiOeol, anilNat. Hial. SurveyNo, B, 1903.P. 73. 
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l«uii mlQtd lor iiln.iit mHwt In an a«'t hikI winL dirwiion. A kiiihII ainonul i.l Itwl is jmaot. Wlwre 
Bmiill north and south irrovlcea cross the main frei-ico there are usiwUy iMger Hid richer depoeits of ore. 
The customary order of deposition in the ravitles in this hooeyoomb deposit Is a thin lOKtlne of m&t- 
cBsite followed by blende. Ur. Richard Kennedy informs me that the bottom of the mine, whieb ia now 
about 100 feet under the top of Uw lilll, Is stm 100 to 125 feet above the oil-rock noMion. Eorther work 
here will quite pfobabiT develop series of flats and pitches ahovn the oil rock. 

NorOmieslem mine.— The mine of the Northwestern Lead and Zinc Company is toc&ted 
near the Wisconsin boundary, not far from the Chicago and Northweatem Railway. It was 
viHit«d in the summer of 1904, having been dpveloped in the preceding winter. The shaft, 
which ia 92 feet deep, is located at the base of the slope at the head of a small tributary of 
Fever River. The workings, which extend east and west for nearly 200 feet, are mwnly in 
the top of the Pktteville, immediately below the brown dolomite of the Galena. Tlie oil 
rock proper is not well developed, but the upper beda of the PlatteviDe show as a tliin- 
bedded, nonmagneeian, fine^ained limestone, with many thin partings of carbonaceous 
material. It has a thiekneas of IS feet and is said io rest on an 18-inch bed of blue clay, 
below which is the f^ass rock. A hole drilled through the latter yielded a flow of &rt«ei&n 
wat«r under considerable pressure. 

■ The ore consnsts of thin sheets of blende, developed along the partings of the rock and 
minor amounts of breccia found in connection with some northward-pitching fractures. 
Tlie southward pitches have not been foiind. .At the east end of the drift a quartering 
crevice brings into the main vein an unusual amount of galena, which makes in a rich flat. 
Very little iron pyrite shows in the mine. The workings are below water level, though 
oxidation extends almost down l<i them. There is a new and well-equipped mill on the 
property, 

Sfoqi mine.— The Stacy mine is located in sec. 21, T. 29 N., R. I E., where there MB numei^ 
ous old lead diggings. The property has been recently drilled and found to contain at lower 
horizons a considerable body of blende, which ia now being developed hy sinkii^. A sketch 
of the old crevices and shallow pits is shown in fig. 15 (p 60), as illustrating peculiarly well 
the great number of these pits in areas worked over by the old lead miners. 



Galifomw, mv\e. — This property was reopened in 1903 by the Royal Mining Company. 
It is located near Mississippi River, at the extreme southern edge of the district, in a small 
ravine cutting back into the Niagara escarpment. In the vicinity are a number of old lead 
diggings, which were formerly worked by long adits driven in from the edge of the bluff. 
These mines were the scene of great activity from 1849 to 185S, and at that time acquired 
the name "California diggbgs," 

The Royal Mining Company located three shafts on an eastr-west crevice about halfway 
up the slope of the ravine which parallels the vein. No. 1, the shallowest, was not visited. 
No. 2 starts in the Maquoketa shale and was sunk through 8 feet of that and then 147 feet 
of galena. There ore .two drifts from this shaft; the main drift, at 105 feet, corresponding 
t« a horizon slightly above the flint beds, extends eastward under No. 3 shaft. For a dis- 
tance of 600 feet along this drift more or less galena and blende were woo by both overhead 
and underhand stoping. llie most interesting portion of this drift is immediately under 
the No, 3 shaft, which was being sunk at the time the mine was visited. At this point 
the drift was 6 to 8 feet wide and to the east opened out into a large cave similar in all 
respects U> those in which in earlj' days the large finds of galena were made. This cave was 
full of water when first encountered, but at the time of vi^t the level had been somewhat 
reduced by pimiping. At the east end it is about 12 feet wide and equally high. It nar- 
rows above to a mere crevice. Below, it was filled with loose rock, sand, and chunks o( ore. 
On the walls were patches of a thin coating of iron sulphide, over which both blende and 
galena hod formed as a cnist and in the form of irregular crystal aggregates resembling noth- 
ing so much OS toadstools. These were commonly 3 to 6 inches in diamel«r and projected 
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2 to 4 inchps ftrni the w«]|. . Tliey mvm lo ii-|iivKi>iit llu' fnv. growtli iiferyBlali" iii asstu- 
ntled solutiou. M&uy iudividual I'tyHtals of galciia won; of cotiHidemble sixe, ua much as 2} 
inches being measured on an edge. Apparentl}', after their formation, the conditions of the 
HilutioQ changed, since many of the galena crystals showed faces hollowed out to a true cup 
loroi as if by solution, and such surfaces were coated with a white material, doubtless lead 
catbonate. Thprs wna also a amall devel()pmeiit of zinc carbonate by alteration from the 
kknde.^idB. vary.geDeral oiidatiuu of iron in the rock, aa shown by the red color of the 
iralla and the sand. 

The signiRcance of these facts lies in the circumstance that this whole cave and its con- 
tents underlie neaHy the entire thickness of the Maquoliela shale, as was shown in the section 
of No. 3 shaft then being sunk, following a drill hole, to facilitate the excavation of the ore. 
la the shale there was no sign of either crevice or ore, but in the dolomite overlying the cave 
ismall crevice showing a very little blende and galena was found. These relations make it 
clear that under favorable circumstances laige and important bodies may be found under 
eren a very thick cover of the impervious shale, and also that under present conditions sur- 
face oxidizing waters occur in quantity in the same situation. The bearing of these facts is 
discussed elsewhere in this report (pp.l33-14I). 

Below the main drift a second was seen, 147 feet below the top of the Galena dolomite. 
His drift, after being driven to the east 100 feet in a bar, was when visited headed in soft 
ground underlying one of the underiiand slopes of the main drift. From the behavior of 
the water it was inferred that there was a connection between the two. No flats or pitches 
had been encountered, thoi^ the lower level was at a horizon at which they occasionally 
occur, and a diamond-drill hole was later put down in the bottom of the drift in search of 

Peru or Black Jade mine. — This is a well-equipped property not now in operation. Be- 
tween 1876 and 1882 it was a steady producer, shipping ore regulariy to the Illinois Zinc 
CiMnpany, with which its owners were affiliated. About 1903 a new mill was erected and 
the mine pumped out and examined preparatory to resuming work, but apparently the ore 
reserves were unsatisfactory, as the plant was closed down. It is understood that a second 
attempt to work the property is to be made. While the former examination was being 
made for Che owners the writer visited the mine in company with the superintendent, Mr. 
Henry Ragge, who courteously supplied the accompanying record of a drill hole sunk some 
jews before on the property. 

The shaft curb is at an altitude of 660 feet, corresponding to a horizon about 40 feet below 
the base of the Maquoketa. The workings examined down to 13S feet in depth are in the 
flint beds and show a complicated system of pitches, beginning at about the top of those 
beds and extending down to the lowest horizon accessible. These pitches have a general 
northwest-southeast coutse, the pitch being to the northeast and southwest. They begin 
with the "second pipe-clay opening." The pipe claj, which defines an ore horizon, is the 
nimmon clay parting along a bedding plane in the dolomite, and is barely 2 inches thick. 

TYie ore is blende, occurring intimately mixed with iron sulphide. The latter, within the 
hmits open to observation, is more abundant in depth at the north end of the propeity, 
thou^ it is reported to be less abundant in the inaccessible lower levels. Near the top of 
the workings, 45 feet below the surface, cubes of galena three-eighths of an inch in size were 
found plentifully sprinkled over the blende. Additional cube lead was reported, though not 
seen, at least 60 feet below the original undergrcwnd water level. The ore occurs in thin 
dieeta in the pitches and in flats along bedding planes. Sheets 6 inches thick were observed 
>t a tew points. 

TTie occurrence of well-defined pitches and flats so high in the formation is somewhat 
luiUBual, and their evident former richness is very encouraging to prospectors working at 
■till higher horizons in the crevices and openings. 
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The following diill n'rmtl is iif jnU'rtwt and vului' iis sJicmiiig tlio pei-Histpmi' "f Ihe «>dps 
recognized farther north. Tint shak- iifar the baxe (Nii. 12) represents, probably, the oil 

DriU record at the Pern mine, lUintm. 

Ft. In. 

2S. Clay and rock 20 

17, aalenallmeatons, -sMidrocJ:" 37 

X. Clay, called "secDnd plpo r'.ay," corrmpondlng to th« adit tunnel level 2 

25. Galena limeatODe, "aand rock" 7 

». Clay, -third pipe clay" ._.. 5 

23. Galena limeBtone 80 7 

22. Brown rock, "dead opening" 10 

21. Clay, water level 2 

20. Galena limestone 11 

19. Clay, "'real pipe clay". .,.■. s 

IS. Blue llmeAtone opening, ore....... 4 

17. Blue limeetone, ore 12 

W. Cap over clay bed 2 

IS. Clay i R 

14. Blue to gray llmeetone 4 

13. Blue to gray llmeitone 1 

12. Shftte wltb blende 1 2 

10. Blue to gray limeitone 3 

9. Limestone, hard, brown 1 2 

8. Glaaa rock proper 10 

7. Carbonftoeous shale --.,.. - '* 



t. Blue llmeetone 

3, Blue limestone, (onnd in drill hoii 



ITisAon mirte. — The Wiahon mine, located a short distance north of Elizabeth, was an 
important producer of lead about 1865, In 1902 the old workings were reopened in a 
search tor zinc, and a new shaft was sunk 145 to 150 feet in depth. This was closed at the 
time the place was visited, but the former lead workings were reached by means of a near-by 

The workings are developed along an important crevice marked by old shafts for a dis- 
tance of a mile. The opening visited is in the Oalena dolomite, just above the flint beds. 
The ground shows thorough oxidation, and galena was the only mineral seen. It occurs 
in small pieces in tight crevices, the bulk of the ore evidently having been removed. TTiere 
is a large amount of open ground with well-defined pitches, both to the north and the south, 
running down into the flint beds. Apparently a considerable amoimt of ore has bpen 
taken from this ground. 

Apjile River mine. — This mine is located north of Elizabeth, on a crevice which has been 
an important producer of load. In the summer of 1S03 an old shaft was being pumped out, 
but the workings were not sufficiently advanced to permit any examination. The curb of 
the shaft is 75 feet below the base of the Maquoketa shale, and the crevice runs N. 71° E. 

Skene mine. — This mine in 1904 was being reopened by the Elizabeth Mining and Millinf; 
Company. It is located on a crevice running N. 83° E., the curb being at an altitude of 
673 feet, corresponding to 40 feet belowthe base of the shales. It shows well-defined 
pitches to the north and south at a depth of 96 feet. The mine has been developed about 
1,200 feet along the south pitch, with crosscuts to the north. The work is below present 
water level, but is entirely in oxidized ground. The ore consists of nearly clean gtdeua. 
Minor amounts of pyrite are found, both as the usual 61m separating the galena from the 
rock and in distinct balls and ciystals. No carbonate of zine occurs and only a very few 
small pieces of blende. The ore is mainly in the south pitch, but Dumerous small flats 
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BAd verticals run off into the core between the pitches, and possibly the whole of the core 
may be milkd. Tliere ia do evidence that the galena in this case is a secondary concen- 
tiBlioa, and the amount of it, if it be original, is notable. Between May and August over 
60DW0 pounds were ^pped without any cleaning facilities other than hand jigs. The 
luiae has since been a lacge and sMady producer. 

Qmm mint. — "Hiis property is located near the city of Elizabeth, with the curb of the 
Aall at 677 feet above the sea, cmTesponding to 34 feet below the shales. 



Tufa Grande mine. — This is a snial! lead mine near Scales Mound and ahnoet on the 
State line. The curb of the shaft is 40 feet below the top of the Galena, and the shaft i) 
115 feet deep, 

GliminUe proipect. — This is a small prospect about a mile east of the Vista Orande mine 
aod is unique in being in the Maquoketa shale. It is described oD page 67. 

MINES IN WISCONSIN. 



Omeral.—Th^ Hazel Green-Benton district includes a large, poorly-defined area aepa- 
rated from the Galena, Meekers Grove, Shullshurg, and Fairplay districts by only seniibarren 
stretches, TTie area is traversed by Fever River, which with iU tributaries has cut down 
le tbe Platteville, while the Maquoketa shale uoderiies the Hdge upon which the town of 
Hszel Green Ls located. The entire thickness of the Galena formation is therefore present 
and available for mining. The mines now working are mainly below the water table, but 
eveo those above it are below the natural water level, which was lowered some years since 
by an important tunnel driven in from Scrabble Creek, 

lite geoli^y and topography of the most important portion of the area are shown in 
PI, IX, reduced from the Hazel Green-Benton special map of the Wisconsin Survey." 
The area is one in which there are many small structural basins that do not fall into any , 
readily intelligible system. A general east-west .structure is apparent, but the essentially 
k>ca] character of the basins present and their irr^ular distribution make it unsafe to 
generalize. In the western half of the territory the data avaiUble are not yet sufficiently 
complete to allow the structure to be made out, Tlie very large number of crevices formerly 
worked and the complex distribution are shown in atlas sheets 31 and 39 of the older Geo- 
logical Survey of Wisconsin.'' A characteristic section of the beds near the oil rock was 
measured in tbe Kennedy mine by Mr. Grant: It is as follows: 

Seetimi at Kennedy mine, near liazd Oreen, 

7. Blue dolomite. Galena. 

of typical oil rock 8 

i. BlueBhale, rather Borland atraoBt lite clay in places. 10 

a. Oil rocb 10 

2. Shale similar to No. < 10 

I. Typical glass roct 2 

The thickness of the oil rock in this section, as also in the adjacent Hoskin mine, is strik- 
ing. Specimens ^ow the normal chocolate-colored material of light weight and with 
occasional crystals of galena, blende, or iron sulphide. At the Hoskin mine the oil rock 
Aows distinct brecciation, small fragments or blebs of broken, twisted, and distorted 
raaterial being distributed through a matrix of normal oil rock. 

" Grant, U. 8., Burchard, E. F., Hancock, E. T., Ellla. E. E., and Perdnc, M. J., Ilaiel Green-Benton 
■hmt: Bull, Wisconsin Geo], and Nat, Hist, Survey No. 14, IWe. pi, 12, 
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SoAin and Eennsdy mines. — ^These are among the best known and most productive 
miuea in the r^oo. They are located on Bull Branch, about 1} miles east of Hazel Given 
and immediatelj' south of the old Mills digj^gs. A special map of the vicinity, made by 
Mr. EIUb, ia shown in PI. X. The underground workings, reduced and generalized, includ- 
ing a portion of the old Mills diggings, were taken from a map courteously furnished by 
Ut. Ralph Root, late superintendent of the Hoskin mine. 

The workings extend from the oil rock up to the flint beds of the Galena, and the upper 
flat in the Kennedy mine ia about at wat^tr level. The Hoskin, or New Deal mine, aa it was 
formerly called, ia mainly developed along two pitches having trends approximately N. 50° 
W. and N. 70° W. The former is known aa the north pitch and dips to the northeast. The 
latter is the south pitch and dips tu the southwest. Acroaa their end is a'third pitch having 
ageneraleaat>-weBt course and dipping aouth, and another with a north-south course and an 
easterly dip, so that the zone of pitching crevicea swings around end connects the main 
north and south pitches. To the northwest the two pitchea trend farther and fartherapart, 
so far as shown by present development. In the Mills diggings, which are presumed to be 
connected with the north pitch of the Hoskin, the pitches again swing round an acute angle 
and close in the end of a basin. Chamberlin has described the phenomena in Che Milts dig' 
^ngs so carefully that his statement as to their relations, aa well as his observations on ths 
ores, may bo quoted entire : a 

Along the central line ol the mining ground there nina a liaBure dsBcendlog from the surfare through 
the cap rock of the mine proper. The flamre bae an average width of only about 2 inches and ciuiiM a 
little lead ore, with (Dnsidsrable Iron rust. On paa^ng through the cap rock, the fiBsure terminate! In 
Che main upper flat of the mme, the ore sheet of which is somewhat thickest beneath It, so that the crevlm 
is said to set as a "feeder" to th« flat sheet. Tbetomi of this summit flat is not unlike tbatola do- 
mestic Hatlron, the sides gradually approaching each other and uniting in a point directed northward. 
The sheet ia said to haw reached a maximum thickness ol Dt feet of solid galena— a l>oDaDU of its kind 
It dips moderately to the north, discharging Its drainage In that direction. Off the »st, west, and 
north— i. 0., on the sides and point— this flat breaks down into pitches that decline about 45 degrees— 

These pitching Edieets eometimeA consist of a single large vein, and at otbers'dlvide into several smaller 
ones united by oblique cross v^naorby parallel pitches and flats, forming a plexus of veins. As a gen- 
eral rule these minor veins coohne themselves discreetly to about the width that would necessarily be 
mined out, so that Itiry are usually easily wrought as a gang. In their descent tbe pitching sheets are 
interrupted by frequent short flats, giving the characteristic zigitg descent ah^ady suffldently dc- 
(crlbed. The ore is accuslomed to make heaviest on the '■roll," I. e., on the turn from the flat lo the 
pitch or the pitch to the flat. AC tticuigle where the sheet turns from the bedding Joint Into the trans- 
verse fracture, a little ore Is apt to lead onward along the bedding Joint. Of ttlmes this connects with an 
otihque seam farther on and Joins the main sheet helow,hut perhaps oftener it wedges out within a foot 
or two. There la frequently a reentering projection opposite this. Sometimes they develop into con- 
sldn^able flats. This deposit, as thus far mined, la wholly within the Galena limestone and the product 
has been mainly galenlte. In accordance with the general rule, however, sine ore gains on the lead as the 
mining Is carried down. The horizons In which the main imc deposits elsewhere occur have not yet 
been reached, and the further progress of mining here will he a matter of much Interest, It It sliall deter- 
mine whether the pitching sheets Join a great Sat stretching under the whole series, and predomlnanCl)' 
ibic Ijearlng, as la the case in the mines above described and others of this type. 

Iron sulphide, or Its decomposition product, the oxide, lines the wall of the mine generally and il 
aome'polnCs forma a notable deposit. Next this, for the greater pait, lies line sulphide or carbonale, 
and the lead ore rests upon this and constitutes the main filling of the fissure In the upper part of the 
mine. But this general order Is subject to local modlflcatlon. 

If, as surmised, the west pitch of the Mills extends down to a connection with the south 
pitch of the Hoakin, there should be a third "nose" somewhere to the west, and the com- 
bined system of pitches would include a large, triangular area. 

AuniquesCructural feature is the presence of an upward bend or anticline between the two 
main pitches of the Hoskin. This was exposed in driving the drift marked A-B in Fl. X,le 
connect the two parts of the mine. The oil rock here rises above the floor of the drift, thou^ 
under the main workings to the east it is at least 10 feet lower. The beds above the oil rock 
rise with it and pass over the anticline in a gentle bow. The significance of this feature is 
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Dot understood. So far aa observation goes it is wholly exceptioiuil in the Wigconainnunes. 
In other parts of the same mine the normal sag of the beds away from the pitches may be 
observed, and the true explanajion lies possibly in tlie relations of the beds to other pitches, 
of vhicb, asebown by Mr. Ellis's map, there are a great number in the mines. 

Hie KeDuedy mine, which is immediately south of the Hoskin, shows a well-developed 
system of pitches and flats with a general course of N. 20° V-'. These, as in the Hoskin. are 
convei^ng rather than parallel, but their exact relations have not been so well worked out. 

The general relations of these pitches to the stnicture of the region and to other pitches 
exposed at the surface is shown in PI. X. This map is interesting chiefly as showing that 
Uiere is no consistent relation between the pitehing erevicea and geologic stnicture. While 
the mines are located in a well-defined liasin, the pitches strike at all angles and are neither 
parallel nor at right angles to its axis. 

The ore in both mines occurs almost entirely in the pitrhea and flats, there being pmcti- 
aHy no true disseminated ore present. Ilie rock between the main pitches has, however, 
h*en ao crossed and recrossed by fractui'e planes that it is sufficiently mineraliEed to war- 
rant milling and is often referred to as disseminated ore. 

Both blende and galena are produced and marcasite and pyrite are abundant. Grant has 
made some interesting observations on the order of deposition ol the minerals. His ootea 
aie summarized below : 

The first Alt in the Kenned; mine Is some DO tnet above the i>ll rock and is nt'ar the water level. It 
Hmt^HB a little smithsonite and much clay and limonitK; manaeite is also very common. Below the 

9lt«,bleDde,and galena. Thick masseBnCmsrcaeite are seen slonn the bottom of some of the flats. Aloni; 
the pitches are occasionally large culica o( galena, and this galena seems to bo more abundant near the 
upper Sat, nhore it is altering to lead carbonate. There are some ela^setite-liko maeiice In these flats, and 
In the upper flats the marcasite ol those masses has commonly altered to llmonLte. One such mass 
whieh was tresh showed the following from within outward: First, a cavity ol about one-half inch In di- 
uneter, then a layer of marcasite one-half inch thick; then alsyerot blende nne-quarter Inch thick, and 
outside of this was a layer of marcasite I Inch in thicktieas. Considerable ot the marcasite in tbis mine la 

deposited. In a number of eases It Is found that the order ol cmstllifBtlnn has changed several times 
from marcasite to blende. 

TtaeusuaiorderotdepoaltloninthelIoaklnmiDelamareaslCe,blende,gaiena.andtalcite. It ia estimated 
that at least thiee-tourlhs of the- marcasite seen here is earlier than (he blonde. A common leature of 
this mine is the round, sta'actlte-ahaped maases which are made up largely ol blende. The common 
order in these ata'actite maases is, In the center marcasite, next yellow blende, then dark, almost black 
bkQdelnathlcklayer, and finally a thin layer n( yellow blende. Occasionallyjuet outside of the thli^k 
layer ot black blende Is a thin layer ol marcaaite. The radiating nature ol both the blende and the mar- 
mile Is very Qnely shown Inmost of these specimens. Not Infrequently the core ol these etalactltes is 
ol galena. In some cases these atalactite-llke maseea have the outer aurlace ol niarcsalM, and it Is not 
Wcommon to And both ol these side by side. The main part of the stalactlle-llke masses is ot blende. 

The presence ot a thin band of marcasite between the blende and the porous dolomite 
which forms the wall rock is common here as elsewhere in the district. The repeated 
Wnding of the iron sulphide and mareasite is, however, more common than usual- In one 
sheet two bands of blende with alternating layers of iron sulphide were well developed and 
foarae botryoidal layers of marcasite both above and belon- bands ot Wende are common. 

Galena occurs both intimately intergrown with the blende and in well-developed crystals 
showii^ cubical and octahedral surfaces scattered over the normal blende sheets. Pyrite 
occurs in the same situation, and at the dumps on top of the hill a number of excellent speci- 
mens of clustered cubes were found developed over a sheet of brown blende which in turn 
tested upon radiating masses of marcasite. So far as observation goes the pyrite in this 
area is a recent, secondary mineral. The marcasitt;, on the other hand, is in part older 
than the blende. 

In the Kennedy mine a number of specimens were obtained sliowing coatings of unaltered 
sulphides on walls of deeply oxidized dolomite, indicnting that the oxidizing waters were, 
reaching the itiino through the wall rock rather than down the crevices. Both the Kennedy 
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aod Hoskin mines are well-equipped properties, with steam hoists, air drills, uoncentrating 
miUa, roasters, and magnetic aeparatura. The Mills mlae when visited was just being 
reopened and had not been equipped. 

Rouiey miTW.— The Rowley mine is located a, short distance east of the Hoekin, at Bun- 
combe, under the bottom land of Coon Branch. It is developed along an easl^west range 
which, in the land itnmedial«ly to the eaat, is said to have yielded uinsidemble ^lena. 
The woricings are in the beds just above the oil Tork which liliows in the mine sump. In 
fig. 20 the mine worklnga as developed in 1903 arc shown from a map made by Mr. E. T. 
Hancoci. The main crevice is followed U_v ii lonp drift from which at the east crosscuts 
have bean run out to the boundary pitcVs. A flat is developed in this part of thn miue, and 
both roof and floor have a very perceptible sag toward the central crevice and away fixHti 
the pitches. The ore is dominantly blende, though some galena is present. Hiis is much 
more abundant at certain points where quartering crevices come in from the northeast. 
The bulk of the ore shows crustificatioD in open spaces, but the lining of iron sulphide 
appears here to be cmnmonly pyrite instead of marcasite. This is, bo tar as observation 
goes, very unusual. 

The mine is located in a small structural basin at the foot of a long structural slope. It 
is equipped with a concentrating mill and roaster which run part of tlie time on custom 

Ida and Blende rnmee. — These mines together work one of the larg^ sets of pitches seen 
in Wisconsin, llie Ida covers all of the south pitch and the western portion of the north; 




Flo. 30.— Plan and cross section of Ri 



the Blende has the eastern pt)rtion. The mine.s are located about IJ miles southeast of 
Benton, on a high tongue of land reaching out into a big bend of Fever River, at about 
870 feet above sea level. They are near the raist end of a small but well-defined structural 
basin and the workings extend from the oil rock upward for 70 feet. The range has a gen- 
eral east-west course parallel to the trend of .the basin. On the north there are several 
parallel pitches, the major ones being about 30 feet apart. The south pitch is ^mple and 
remaricably well developed. Both pitches have a general dip of 45°, but in their descent 
to the oil rock are interrupted by flats. It is said that the pitches are as much as 200 feet 
apart at the horizon of the upper flat. 

In the upper ground the ore now consists almost entirely of line carbonate, which occuis 
as sheets 6 to 24 inches thidi in the pitches and to a subordinate eittent in flats developed 
along bedding planes and making back into the core between the two pilches. In the zioc 
carbonate are crystals and patches of galena, and the wall rock is heavily stained with iron 
as well as much leached and oxidized. At lowwr levels correspimding bodies of blende aie 
found with small crystals, and masses of galena intergrown and with the usual marcasite 
separating the blende from the wall rock. At a few points small masses of marcasite were 
found intergrown with tlio blende. At several places the bordering marcasite had disap- 
peared and the wall rock was leached and oxidized. An unusual feature was the fact that 
the alteration of blende to carbonate had l>egun lii ixx^ur from the center of the flats out- 
ward toward tlio walls of the cavity. 
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Id the eastern portion of the miuos Iron sulphide is said lo be more abundiint, but it 
seems likely that its increase is relative rather than actual, the amount of blende and galena 
being lesa. The lower ojl-rock horizon was not uccesaible when the property was visited. 
No serious attempt has l>e«n inade Ui look for ore in the glaaa rock or at lower levels. A 
drill hole shows that undrr the clay bed water under artesian pressure is present. 

These mines have been worked for a long period, the main production having been made 
in the last fifteen years. The ore is cobbed and hand ji^ed and the underground woric ia 
all done by hand. At present pillars in the upper ground are being robbed. 

Empress mine.—la the Empress mine, located east of Shullaburg Branch, in sec. 13, the 
oil rock and beds inmiediatelj above are woriced. The mine shows the fiats and pitches in a 
aituple and characteristic development. The ground plan of the mine is shown in fig, 21, 
from surveys by Mr. E. T. Hancock, with cross sections and crevices added. It is essen- 
tially a flat with the outward pitches developed olong an east-west range. In the root a 
vertical crevice, correaponding in direction to the major axis uf the ore body, shows through 
much of the workings. There are, however, other crossing and quartering crevices which 
correspond to the crooks and turns of the woriclngs. The vertical was formerly opened by 
shaft from the surface and is said to have produced considerable galena in ordinary open- 
ings above. The present workings are opened by tunnel and the ore shows comparatively 
little galena. 
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Fio, 31.— around plan and cross sMtlon of Empnai mine, Benton, Wla. 
A representative section of the north wall is given below: 
Sttixrm in. Bmpreaa mine. 

^ Dolomite, earthy, brown; some finely disseminated iron sulphide and a very little blend. ..--- S 
S. HalnOst, generally regular In thickness and with very clean blende; the Iron sulphide le appar- 
ently not mueh iotergrown wltti the blende. Detailed measurements: Iran sulphide, ) inch; 

blende, I]luchea; calclte, 1 inch; blende, 1) Inches; iron Bulpbide, i inch 4i 

^■ Dark, earthy dolomite with some iron sulphide 1} 

4 Dark, earthy, bitumhious dolomite 12 

i. Minor flat: an irngular open cavlcy with J-lnch IJnti^of bright, dear iron pyrites above and 

below, and a half-inch liand ot clean, brown blende on lower surface 2i 

*■ Black, earthy limestone in 2-lnch bands, eepaiated by 1-lncb streaks of iron sulphide with a 

3. Limestone, ehnilar to above, with Sat open cavities lined with iron sulphide and blende G 

t. Dark-brown, bltudlnous limestone of oli-rock type, with disseminated blende, and one (hin dis- 

1. Darkllmestooe, with a few irregular flats of iron sulphide M 

Bebw the workings the regular oil rock, clay bed, and glass rock are shown in the sump. 
TV mine represents the tendency of solutions traveling down along the verticals to 
spread out along the top of the impervious oil rock and ciay bed. The ore body is notable 
'w its relatively large horizontal dimensions— 100 by 700 feet, as now developed — in pro- 
Portion to its vertical extent. 
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The Empress mine haa s. mill equipped with crushing aod azing machinery and with 
Blufce electrostatic sepftratora. In 1904 a. series of teat runs was made and considerable 
high-grade ore was shipped. 

Benion Star mine. — This shaft is located west of Shullahuj^ Branch, in the northeni part 
of sec. 14. It was not running when visited, but the stock pile showed hlende rather free 
from galena in small flats up to 3 inches thick. One such flat showed the following cross 
section: 

Section of fat ai Slw mine. 

7. Dolomtte, gray with iDCreoslng Impregnation o[ iron sulphide toward the list 1 

e Iron Bulphide, pifleumably marcaalte i", 

5. Blende, brawn, (reelrom galeni andiron sulphide i 



I. Blende, as above 

t. Iron sulphide, as above, hut with occasional color o( copper, . 
I. Dolomite, impregnated with iron sulphide as above 




n workings there h a well-marked vertical crevice I 
le side. Sear the east shaft a couple of quartering 



The workings are evidently 
in the lower beds of the Galena 
formation. The ore is cleaned 
by Land jigs. 

Hazel Green mine . — The Hazel 
Green mine is located in an area 
crossed by numerous crevices 
having a general east- west diiBc- 
tion. The situation of the work- 
ings with reference to tbeae 
ranges and topography is shown 
in fig. 22, redrawn from a map of 
the area made by Grant." The 
mine is opened by shafts located 
on the old Kennedy range. The 
ground plan of the lower work- 
ings, with cross sections both 
east to west and north to south, 
is shown in fig. 23, from surveys 
made by Ellis, The principal 
workings are in the flint beds of 
the Galena at a depth of G3 
feet. At this depth the vertical 
crevice gives way to a long, 
narrow opening with outward- 
pitching crevices on either side. 
About 20 feet above an ordi- 
nary opening along the crevice 
was formerly worked. It was 
T to 12 feet wide and was de- 
veloped for an east-west length 
of approximately 300 feet. At 
the east end the ore extended 
upward in a chimnej' For 40 feet. 
These workings are not indi- 
cated in the figures. 

the roof, with pitching 
■c vices are present, and 



oBull. WlBcooain Geol. and Nat. Hist. Survey No. U, 1906, p. 66. 
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itoDg one of them an open care lined with blende extendB appiratimalelf 100 feet. Tlia 

muD woi^ings are 12 to 40 feet wide Mid 8 to 50 feet high. In the sump at the west another 
opening maj be seen about 6 feet below the preaent track. 

AJI the wotkinga deacribed are below water level and are drained only by continuous 
pimping. The amount of water handled has been estimated at 800 gallons per minute. 

The ore in the upper or "flint opening" was principally blende. Very little carbonate of 
liDcwas present, and the concentrates were low in iron. The wall rock sbowa some oxida- 
tion, but the ore has been little affected. The ore found in the main workings is munly 
"honeycomb" ore or "sprangle." ItisiUustratedinfig. 16 (p. 62), which represents typical 
honeycomb ore. Tba gray dolomite shows small, irregular cavities, which are almost 
always lined with marcasite. This seems to penetrate the dolomite slightly, becoming less 
and less abundant as distance from the cavity increases. The sheet of marcasite covering 
the surface of the cavity is 0.5 to 1 mm. thick. On it both galena and blende occur. In the 
smaller fractures and cavities the galena when present is apt to occupy the entire space and 
U> show a uniform crystailogrsphic orientation. I^irgei: spaces show the free crystallO' 




Tia. 3S.~QTOaai plan and crosa section of Hazel Qieea mine, Hazel Oreen, WlB. 

graphic surfaces of the galena. Brown blende occurs in the same relations, but there is a 
notable tendency for each mineral to be segregated and to occupy different cavitiee or differ- 
ent portions of the same cavity rather than to be intergrown. Tliis is not, however, an 
absolute rule. In some of the ore the fractures are ao close spaced and the cavities form so 
large a portion of the mass that the ore seems to be a breccia of dolomite partially cemented 
by the sulphides, lliis ore is known as "sprangle" or "brangle." 

The cave alot^ the northeast quartering shows a nearly open space as much as 20 feet 
wide. When the water was first pumped out of this the walls and the bloclia of falien rock 
were crusted over with blende to a thickness of 3 inches. The blende also fonns great warty 
masses attached (o the wall by thin stems, as in the cave at the California mine in Illinois. 
Here, as usual, the thin layer of marcasite showed below, and a certain amount of galena was 
issodated with the blende. Pyrite showing crystal form also occasionally coats the blende. 
lie wall rock back of the ore is porous and in places shows distinct oxidation effects. 

At the lowest level, the opening referred to as seen in the sump, honeycomb ore is shown, 
with both galena and blende preEwnt. The galena is notable from the fact that it occurs 
here in large, well-developed cubes, measuring as much as 2 inches on an edge. 
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The Hazel Green mine ia w<>ll equipped with mill and rooster, and also amrs an plectric 
hoiat At one of the shafts. It is an important and stead; producer. The lower beda, reach- 
ing down to the oil rock, have not been explored. On neighboring ground to the south a 
number of the old lead d^gingff are being explored by sinking. 

Witllin the district are a number uf mines which were not working at the time the area 
was studied. Mr. Grant has kindly suppUed the following notes on such of tliem na lio 
visited: 

Honeia Bob min«.— This is situated in the SE, i NK. i sec. 25, T. 1 N., K. 1 W., just south- 
east of Haael Green. It is owned by a Madison (Wis.) company, and in the summer of 1903 a 
large shaft was being sunk. The sinking went on during 19Q4, but the mine had not then 
b*vome a producer. 

Jf(rma«i mine.— This mine, situated in the NW. 1 SW. 1 see. 19, T. IN,,R. IE., about ■ 
mile northeast of Hazel Green, is also owned by a Madison (Wis.) company. No mining was 
done here in 1903. In 1904 some little work was taken up, though soon discontinued. The 
mine is situated in the same valley as the Hazel Green mine and about oae-halt mile farther 
Bouth. It is extremely wet, and from that fact takes its name, Meitnaid. 

Keyittme. — This mine is variously known as the Beninger,Murphy,orI«at Chance, It ia 
situated in the center of the S. iaec. 19, T. I N., R. lE.,aboutamileeaHlfnortheBstof Hazel 
Green. In 1903 some work was done here on an old east-west crevice, and in July, 1903, tlia 
shaft was down 93 feet, but was producing nothing. 

Strau/berry Blonde mine. — The ore here occurs in a flat, ranging in thickness from 1 to 5 feet, 
and is a typical honeycomb ore. The usual order of deposition in the cavities of this rock is 
marcasite, blende, calcite. Asmallamountof lead was noted, llie ore body, which is now 
exposed in drifts, is 60 to 70 feet wide, and appeals to run east-west. The connection of this 
ore body with other flats, or with crevices or pitches, is notevident. The mine is well situ- 
ated and equipped, but has not been operated in recent years. 

Collman mine.— This mine is situated near the center of the S. ) sec. 10, T, 1 N., B, 1 E., 
about 2 miles east of Benton. The concentrating mill was built here in 1903, but the mine 
has not produced much ore. Considerable dry bone and some sphalerite were mined here 
before the mill was erected. 

Etna min^.— This is in the SE. 1 SE. i sec. 2, and NE. J NE. J sec. 11, T. 1 N., R. IE., 
about a mile north of Etna, The principal workings are about 40 feet from surface and a 
few feet below water level, alonga" ten-o'clock "{N. 32° W.), and on flata and pitches in this 
range. Hiere is another ten-o'clock about 48 feet northeast of the lirst, but this has beeD 
worited only along the vertical crevice. The ore is mostly in porous, soft, honeycomb rock, 
though tJiere is a little in regular sheets. 

A porous gray limestone bears galena, and below this is an intimate mixture of rock, 
galena, jack, and marcasite, commonly more or less in the honeycomb form. In places ths 
galena b very intimately associated with the^arcasite. 

There are many small open spaces in the rock, and these usually show calcite crystals 
with rhombohedral habit. In one place where the marcasite is abundant there is said to be 
at times heat enough to cook eggs. Where marcasite is altering at this place are some while 
to colorless (or greenish) transparent radiating needle-like crystals, bitter tasting, which are 
probably iron sulpha)*. 

Considerable disseminated ore is shown on the dump and is reported to occur in the form 
of a flat. 

In the lowest part of the mine, about 40 feet from the surface, tJicre are abundant flints. 
Hero there is very Lttle marcasite that is clearly later than the sphalerite, and very much 
that is clearly earlier. Occasionally , on weathering, the marcasite inside a layer of sphalerite 
shows a copper stain. 

SaUie IToterg.— This mine is near the northeast comerof sec. 23, T. 1 N., R. 1 E,,near Ne» 
Diggings. A concentrating mill was built here in 1903 to work on a series of flats and pitches 
from which iu previous years a considerable amount of ore had been taken. Ilie mine 
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was worked to some extent in 1903, but did nothing in 1904. The mina is owned by the 
Cunsolidiited Lead and Zinc Company, of Chicago. 
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Jm* efOMi ««M.— This is in the NE. } sec. 17, T. 1 N., R, 1 E., about one-halt 
mik southwest ofBeotm. Tt jaho kjiu w iu .—Ac D «kiqp mine. It was not worked in 
190j. About 100 tons of blende were produced id Tmn, iniiii^li ^1 iiTitii JmIbmijii 

in th»t ye»r were devoted to sinking the shaft. Tlie shaft is 130 feet deep, with the main 
level at 35 feet. A drill hole at the shaft is said to have shown 3 feet of oil rock at a depth of 
141 feet, or at an altitude of 752 feet above sea level. From the bottom a drift ruDs south- 
east 80 feet. The work is along a steep piteh that runs N. 40° W. and pitches 4O°-50° to 
the northeast. 

The ore is in sheets (large open cavities along the pitch) and in rough honeycomb form. 
The rock for 2 to 6 feet either side of the pitch is exceedingly porous and carries blende 
and much marcaaite. The latter mineral is very abundant here, but there is also consid- 
erable blende. 

Coating many of the cavities are small calcite crystals (up to 1 inch across), and these 
rest on the jack or on the marcasite where the jack is absent. 

In the upper part of the mine — about 2.') feet above the bottom — is some coating of mar- 
caaite on the jack. This is the only place where this was observed. This marcasite {that is, 
the later marcaaite) is older than the calcite. 



OtnercH. — The Meekers Grove mines include the Doll, Trego, Raisheck, Oritty Six, James, 
and Little Elm. When the district was visited only the lirsf^named mine was working. 
Mr. Grant has, however, published certain notes on the Gritty Sin, Raisheck, and Trego, 
and Mr. F. H. Trego bus courteously supplied maps and a section haaed upon drill records. 

The general geoli^y is shown in fig. 24, based upon the Meckera Grove sheet of the Wis- 
consin Survey.il The St. Peter sandstone and the Piatteville formation outcrop in the val- 
leys, while the Galena dolomite underlies the upland. The rocks rise from the south in a 
long, gentle swell, and then bend down sharply to the north. In the extreme northern por- 
tion of the area they begin to rise again. This is the best defined and most pronounced 
anticline so far observed In the entire region. The mines are located north of its erest, on 
the steep slope or in the synclinal basin beyond. 

Trego, Raisheck, and GriUy Six mints. — The section at the Gritty Six mine is given by 
Mv. Grant as follows: 

SeOioa at Griity Six miTi*. 
i. BlueUinestODe(Qa)ena). Feet. 

3. Layers at yellow and. tjue limesCooe, with narrow bands oi oil rock sad same yellow sandy * 

shale 4 

2. Main oil rook 2 

1. Blue shale and blue limefltone, the ehale being rather hard .-...-........, 2 



Flo. 2S.— Map of a portion of the workings oi the Trego mine, Meekers Grove, Wis. 

Fig. 25 shows a, portion of the workings in the Trego mine. TTiese are at an average 
depth of 75 feet below the surface and show a long, narrow run of ore paralleling the anti- 
cline. Fig. 26 is a cross section from north to south, based upon drill records and showing 
an increase in the tJiickness of the oil rock to Che north, which corresponds to a thickening 
toward the deeper part of the basin . 

t, U. S.p Hancock, E, T„ Ellis, E. E., Perdue, M.J,, and Crlder, A. F,,M«kBrB Qrove abeet: 
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Mr. Grant's notea on these mioee are m follows: 

These thru mlnea are probably on tha same Hue oferev[(»,«blcbninBapproxlmata]r«aat and ircat, 
sod the work iDga ar« along Bats and pitches. At the Trego mine the common order of deposition Is (1) 
maroaslte, (2) blende. At the Raisbeck there le a aotloeable amount olbarltc, and la cases tblalaclearly 

At the Ori ttr Six mine the usual order of deposltioa 1b marcaslte. blende, and then cakilte. In (act, at 
»nte points In tbls mine there are very Doe maaBes and cry state of oalclte. Another order Is marcaslte, 
blende,caylty, and then much Enarcaeite on the lower side ol the oavlty, especially In radiating, oonoentrlo 
uraDEBment. Occasionally the order Is marcaslte. blende, oubeaol galena. Calcite occurs Id places co 
tbe galena, and near the oil rook l.i some barlte, which in places te wen to l>e later than the calcite. Tbe 
U8U^ order then Is {I) marcaslte, (2) blende, (3) galena, (4) calcite, (S) barite. In some eases a later 
cuating of msrcselte is seen on the galena, but whether this coating is ever earlier tban the calcite and 

lew scattered cubes of galena. Small Oats are also seen In the upper part ot this oil rock. A short di^ 
laoce southwest of tbe main shaft the rock is much broken, and It seems as If the flats were pitching 
down through the oil rock, but this point was not determined deflnitely. The rooks at this mine dip 
liregillarly, but la general there is a dip from i" to W° toward the north-northeast. 



Fio. as.— Cross section fn 



north to 



>uth, based on drilling near Trego mine, Ueekers G: 



e Wis. 



DoS mine. — The Doll mine ia located in a pronounced syncllne to the north of the main 
anticline. It is unusual in that there were no old workings tc) guide exploration, and the ore 
body was found entirely hy drilling. The workings are in the Galena 20 t»40 feet above the 
oil rock and are along and near a big south pitch (fig. 27). This has a general course N. 30" 
W. and pitches 45° from the horizontal In the mine ore has heen developed along a dis- 
tance of approximately 300 feet, and drill holes indicate Its continuation to a total of at 
least 900 feet. The main or upper flat is exposed about 25 feet wide through most of the 
workings, but is reported to show workable ore for a total width of 70 feet in places. In its 
roof are some small vertical crevicea, but no particles, and in a crosscut to the north there 
are several south pitches. Neither in tbe under- 
ground workings nor in the drill holes was a north 
|»l«h found, though to the northeast some drillings 
show ore which may represent it. The main pitch 
IB not a straight line, but a line that curves t« the 
north, both to the west and to the east of the 
Aak. As developed in 1905 it represented a pop- 
tion ot a long, gently curved fracture plane. In 
blasting it is found that there are minor pitches 
hat containing ore but sufficiently developed to 
control the breaking of the rock. These strike at 
an angle with the main pitch, but dip outward 

from tbe shaft as it does. A short distance east a amilar pitch has been followed dowD to 
the oil rock in a prospecting shaft. 

The ore consists mainly of blende, but with the usual amount of iron sulphide and irregu- 
lar amounts of galena. The top flat shows more galena than below, and there is also some 
evidence of oxidation there. It is evidently slightly below the normal water level. Wher 
galena Is found in the pitch it is intimately intcrgrown with tbe blende. There has been 
some post-mineral fracturing and cementation, as is shown by the presence o( brecciated 
The upper flat is usually workable for a thickness of 5 to 6 






;tion ol worklhge in Doll 
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feet. At its top is a aheet of blende 5 to 8 intthea thick, ob akotched in fig. 28. Below, the 
sandy dolomite ia cut by irrepilar Eractures, cemeoted by blende and iron sulphide. Along 
this flat there are amall local dips due to irregularities iu original deposition, aa shown by 
the thickening and thinning of Individual beds of dolomite. 

The pitch is usually workable with u breast 4 to 5 feet wide, but the main sheet is a streak 
of nearly clean blende, usually about a foot thick, and clinging to the hanging wail. At the 
place where the upper Sat and the pitch join, aa much aa 2 feet of clear blende occurs. How 
extensively the foot wall ia mineralized can not yet be atated, as it has only been crosscut 
at one point. Along the upper flat, as already indicated, the present workings extend back 
for 25 feet and the ore is known to go somewhat farther. 

The mine is opened by the shafts and is well equipped with steam hoiata, pumpa, concen- 
trating mill, roaster, etc. An excellent grade of ore, running 57 to 60 per cent zinc, is pro- 
duced. 



Oeneral.^Aa already stated, the Shullsbnrg mines are among the oldest in the region, active 
mining having been b^un here under military protection in 1819, The district was note- 
worthy in later years for the fact that it was the scene of the first commercial success in 
dressing the mixed sulphide. It was here that, tan years 
in advance of similar work elsewhere in the region, W. P. 
ItoiomiM. Blake o successfully roasted and cleaned the ores. 

The general geology of the area is shown on the Shulls- 
Iron raipMiie. ^^^ sheet of the Wisconsin Survey, l> The most promi- 
Pi^jj^ nent structural feature is a monoclinal dip to the south- 

Opemiwce west, interrupted by a flat, carrying a small sag. (See 

fig, 4, p. 36.) 
Blende. The Little Giant and Helena mines are the two best 

known properties in the district, and were the scene of 
Iron sulphide. Blake's work. The Helena was not working when the 
Dolomite. region was visited. Mr. Grant's notes on the Little Giant 

mine arc given below. 
Si»i.ofini*« ^^ ^^^ g^j^ mine.— This is situated at the extensive 

open-pit excavation made aome years ago by the Wis- 
consin Lead and Zinc Company. From the north side of 
this excavation the present Little Giant mine has a tunnel 
runnii^ into the hill for about 250 feet. Here ore occurs 
in flats and pitches, the pitches dipping toward the north, Tliere is marcasite and a little 
barite in this tunnel. 

Near the south side of the old open workings the Little Giant mine has sunk a shaft 
through the oil rock. This is about 30 feet in depth and shows the following section; 

Sectiim at LUde Giani mine. 

Ft, in. 

lit and soft yellow Bandy clay cxinhiBBd wllh the ofl rock mainly In 



HuBBhale 

Hue shale with thin layers of oil rock. 
^ery bard, compact, finegrained llmi 



aflineasthelast, hut holdlDg small Hats and trsctures which are flIlMl with ore ' 

The shaft is said to have been sunk 22 feet farther through the same kind of rock, and in this 
rock is said to have existed similar fiats and crevices filled with ore. At the present time these 



" Trans, Am. Inst. Min. Eng,, vol, 22, 1893, pp. S69-574. 
f Grant, U. S., Hancock, E. T., Ellis, E. E., Perdue, M. J., and Crider, A. ] 
WlKonain Oeol. and Nat, Hlat. Survey No. U, ISOe, pi. U. 
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lower workings are hiddeo from view on account of water, as they are below the level of the 
creek at this point. The general order of deposition of the ore at this point ia marcftsite and 
then hiende. The rock at this place which lies bekiw the oil roi^k ia a hard, brilde, fine- 
grained limestone, and it hits been fractured thruugh and through, the fractures being filled 
by deposition of metallic sutphides. It ia reported that a short distance from this place the 
pitches bad been traced actually down through the oil rock and the claj which lies below it 
and into this brittle, hard limestone, which corresponds in general to the glass rock farther 

Hardy and Lucky Bit mints.— 'W.a.M to three-quarters of a mile north of the Little Giant 
are the Hardy and Lucky Hit mines, which have been recently developed. Both are well- 
equipped properties. The Hardy mine is about 80 feet deep, and'is woritlng in beds about 
the base uf the fiints. 

The Lucky lilt mine is working on pitches and flats above the oil rock but near the base 
of the Galena. TherangerunsN, 70° W,,and the ore carries galena, blende, and marcasite. 
The latter is so abundant as to necessitate roasting and magnetic et 



SeneroJ.— Platte viUe is one of the best known towns in the region, and is the center of a 
great deal of mining activity. Some of the first and most successful mines in the region are 
located within the t«wn limits, while a few miles west of the town and beyond Little Platte 
River there are two subordinate centers of mining in sections 12 and IS. The general geokigy 
wid topi^raphy ot the district ia shown in PI. XI, reduced from the special map made by 
the Wisconsin Survey." The section exposed in the city quarry, which is typical for the 
Platteville formation, has already been given. The most Mgnificant structural features of 
the district are an east-west basin under Platteville and a subordinate basin to the south- 
west. The mines are within these basins, 

Aa is true of the region in general, early mining here was tor lead ores and was confined 
almost entirely to the crevices and openings. With the revival of interest in recent years 
the pitches and flats below have come into great prominence. Honeycomb ore also has 
been mined, and along Little Platte River there are some of the most eiten«ve and typical 
deposits of disseminated ore found in the entire re^on. The various mines working at the 
time the area was surveyed are located upon the map, but only a few of the typit^l will be 
described. 

Enterprise mine. — The Enterprise was the first of the new mines to become largely profit- 
able, and its aaiccoss has greatly stimulated the development of the district. At the ban- 
ning of 1905, after two and one-half years' operations, the mine had a record of S40,000 
paid in dividends on a capitalization of S20,000. In addition, a plant costing {32,000 had 
been paid for and approximately $18,000 had been paid in royalties. The proceeds (rf sales 
of ore had amounted to about S180,000, derived from the sale of something over 7,000 tons 
of hiende and 600 tons of galena. In 1905 dividends were paid at the rate of $5,000 a 
month. 

The main shaft is at 960 feet above sea level, and the oil rock occurs at about 830 feet. 
The principal mining is done in the 40 feet of rock above the oil rock, though higher ore 
horizons are kn<)wii. The shaft is sunk on a vertical east-west crevice, originally worked 
for lead ore. At a depth of 40 feet one of the ordinary openings was found, carrying 
galena and zinc carbonate. At about 90 feet is a flat ot honeycomb ore and immediately 
below are the big pitches and flata from which moat of the ore has come. 

The general course of the deposit is slightly north of east, and accordingly at an angle with 
the course of the structural basin in which it lies. The main work is on a south pitch. In 
the upper workings cast pitches and west pitches have been found, hut the north pitches 
have been developed only in the extreme western portion of the mine. Here, as is shown in 

"Grant, U.S., Burchard, E, F,, Hancock, E, T., Ellis, E. E., and Perdue, M. J., PUttBvUle sheet: 
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fig. 29, from a sketch made in the mine.tbeaouthpitchcLrrlesaround and becomea the north 
pitch, completely closing in the workings at thka level. Farther east only the south pitch 
has been developed. A cross section of this, drawn to scale, is shown in the ligure, together 
with two cross sections of the mine workings corresponding to the lines C-D and E-F on 
the ground plan. The cross section E-F isnarrowerandatahighei'li'vel tl]tuiC-U,9o that 
the big flat down to which the pitches come rises to the west. Indeed, it rises slightly 
toward the periphery in all directions, and in form resembles the end of a great shallow 
spoon. Both the roof and the floor s^ about 1 foot in 50 toward the center. The oil- 
rock flat is extensive, especially in the eastern end of the property. 

The oil rock proper la a brown, petroliferous shale about 1 foot thick. Below it for at 
least 4 feet the limestone is fine grained, chocolate-brown in color, and divided by thin, 
shaly partings. Both lead and zinc ore occurs in the oil rock ia disseminated foriu, and the 
galena in pad^icular is characteristically sharp angled and idiomorphic. This seems best 
explained by supposing that such galena represents metasomatic replacement. There are 
also thin bands or nodules of limestone, apparently magnesian, and these frequently show 
a considerable amount of iron sulphide. 

llie ore occurs most commonly in flats and pitching joints. The blende is in sheets from 
a quarter of an inch to a foot thick. It is usually free from admixture of oUier sulphides. 




but in places small masses of galena and marcaaito are present. Usually the n 
forms a very thin sheet lining the cavities. On top of it is the brown blende, which either 
completely fills the space or fonns a thick coatii^ over the marca^te. Calcite is occasion- 
ally found on top the blende. The whole mode ot occurrence is characteristic of crystalliia- 
tion in open spaces, and there is very little, if any, metasomatic replacement. It frequently 
happens that within a fraction of an inch of the thick sheets of blende the wall rock shows 
numerous open spaces, due to the leaching out of fossils or to shrinkage during dolomitizai- 
tion, and these are quite free from either sulphides or cakite. In the sheets of blende there 
are often sharp-angled little fragments of dolomite, broken from the wall rock, reenfercing 
the conclusion that the crystallizatioQ was in open spaces. 

In the lowest portion of the mine Mr. Grant found some barite within which were crystals 
of both blende and galena. This mineral is not, however, common either here or elsewhere 
in the region. 

The mine is well equipped with steam hoist, air drills, concentrating mill, and roaster. 
The latter has only recently been added, since at first the concentrates were of sufficiently 
high grade to be salable without roasting. It is now economical to handle the lower-grade 
material, even with the more expensive treatment. Before the change was made in methods 
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Mr. BenjamiD Hodge conducted a three-daj teet of tbe plant, which siiowed the min dirt to 
mn 17 per cent zinc and tlie saTing to t>e 86 per cent.o like numager of the tnine, Mr. 
i. W. Ha^liy, has WMxfaietod «d iutcreoting aeriea of experimeota, ntiich suggest the pos- . 
■ASej of using some of the oil rock for fuel in roasting the ore. Tbe teata are as yet 
mcompleta. 

Empire mmt, — The Empire is a short distance northeast of the Enterprise and presum- 
ably on the same range. It is a newer mine, but began millmg with a lai^r plant and has 
paid dividends faster. The capitalization of the company is $30,000 and tbe total expense 
before ore sales began was about $35,000. Up to June 1, 1905, the ore sales had amounted 
to approximately 1156,000, out of which 170,000 had been paid in dividends after meeting 
etpouBea of mining, up-keep of plant, and royalties, and accumulating a surplus of 86,000. 

The ground plan of the mine and a cross section are shown in fig. 30 from surveys made 
for the company by Mr. Benjamin Hodge. The work is mainly on a greitt south pitch, one 
of the beat developed in the district, with flats at various levels from the base of the flints 
uid tbe lower Receptaculites zone to tbe oil rock. Specimens of ReceptacidiUs arc abun- 
daat abng the upper flat and help to fix its stratigraphic portion. 




n pitch varies a little in its course, as is shown on the map. There are several par- 
»flel pitches, and a number of vertical crevices may be seen in the roof o( the upper flat. The 
north pitch has not so far been located, though in the long cross drift on the lower level 
there are, well to the north, a few tight crevices which have a northerly pitch. It is known 
that in this direction there is at least one large vertical crevice, but the exact relations of 
the ore body to it are unknown, since no drilling has been done. 

Hie oil rock is well exposed in the lower workings and shows about the same thickness 
and character as in the Enterprise mine. The pitch itself carries usually a sheet of ore 6 
inches to 12 inches thick. At the bend where a flat joins the pitch the ore thickens occo- 
^anally to 18 inches of nearly clean blende. The mineralization extends inward from tlie 
pitch 20 to 25 feet in the form of small flats. 

In the eastern part of the mine and at tbe horizon of the big upper flat there is an area 
vithu which the roof shows striations indicating a slight horizontal movement. These 
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etriatioDB are molded upon the sheet of ore lying nest tu them, but with a less degree of per- 
fection antl with rough surfaces. Since there ia, aa usual, a very thin sheet o( msjx«site 
between the blende aad the rock, and since this is not smoothed and polished, it is believed 
that the movement toot place before the ore was formed and that the sulphides merely pre- 
sent a cast of the striated surface. Drag phenomena indicate that the lower beds move to 
the north with reference to the upper, and while the area aHected is measured in feet the 
total movement was evidently only an inch or less. The wall Dear by shows no eTidence of 
horizontal displacement. 

. While a small amount of blende occurs in fonns suggtetive of metasomatic replacement, 
the common occurrence iudicatea crystallization in open space. Very little iroi^ sulphide is 
present in the blende, though the usual thin outer crust of marcasite, a millimeter or so 
thick, is nearly everywhere present. Galena is irregularly distributed, being in places abun- 
dant and elsewhere entirely absent at the same horizon. Catcite fills narrow seams or is 
freely crystallized in open spaces. 

The main upper flat is ordinarily worked with a breast 6 feet high. At ita top is a, solid 
sheet of blende 6 to 12 bcbee thick, with the usual marcasite casing. This sheet is thickest 
near the outer pitch and thina away from it. Below it are thinner sheets joined by reticu- 
lating crevicea so abundant that the average mill dirt from this horizon is said te run 17 to . 
18 per cent in zinc. 



FiQ. 31.— Sketch of I 




showing extensions 



to the dolomjt* 



The surfaces of the rock above and below the sheet of ore show sli^t irregularities. These 
are, however, subdued and similar to those seen in an ordinary limeatene quarry along bed- 
ding planes, lliey do not ^ow the pitted cup-shaped cavities and sharp edges which are 
characteristic of solution surfaces on limestone. When the sheets of blende are thin enough 
to allow the comparison to be made, the irregularities above and below lit together or mesh. 
If the blende could be taken out and the lower rock lifted, the two would fit snugly together. 
TTiese (acta, ti^ther with the evidence of cnistification already given, are interpreted as 
meaning that the ore formed in an open cavity and that this cavity was not the direct result 
of solution of the dolomite by underground water moving along bedding planes, but was 
caused by the settling down of the lower layers, so as to leave a free space. This interpre- 
tation is reenforced by the fact that the mode of occurrence of the ore is the same in these 
flat sheets as in the pitches and minor open crevices, which are certainly the direct result 
of fracturing. There is, further, the suggestive tact that in certain places where the blende 
reaches down into the lower layer of dolomite in irregular processes, as shown in fig. 31, 
the customary layer of marcasite is absent, except between the processes. The blende 
apparently in these prolongations replaced the dolomite metasomatically, and the absence 
of the usual cfustification is considered extremely significant. Where, on the bend from 
flat to piteh, the ore body is so greatly thickened, it is poaiible that somewhat the same 
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explanation applies, though in places where then- is the usual crustificAtioD it sttems more 
probable that solution had somewhat enlarged the space before deposition occurred. It is 
obvious that, the angle of dolomite at such place beiug exposed to attack on two sides, 
solution would be unusually effective. 

The mine is excellently equipped with pumps, power hoista, drills, electric lights, and 
» large well-arranged concentrating mill. 

0(A*r PUMeviUe mines. — The Trego and the Great Northern are two well-equipped mines 
immediately north of Platteville, working a well-developed set of pitches and flats. Other 
mioes in or near town are the Hiberina, Lucky Four, Ili^land Park, and Eclipse. 

Lii&t PlaUe miiMS.— About 3 miles west of Platteville, on Littb Platte River, there ia a 
gioup of mines working on disseminated ore. They include the Graham and Stevens, the 
Capitola, and the Dugdale. A mile farther west, on Whig Branch, is the Tippecanoe mine, 
where the mode of occurrence ia similar. The ores are all found in the oil rock at the base 
of the Galena dolomite, and all of the mines are within a broad shallow structural basin, 
which seemingly has a alight pitch to the east, llio three mines lirat named are a little 
eist of the center of this baan. 

Mr. Grant measured the following sections at the Graham and Stevens, Capitola, and 
Tippecanoe mines: 

Sediira at the Graham and Stevens mine. 

Ft. in. 

11. ¥8Uow-giay limestone, typical Galena dolomite 10 

10. Blue flhflle, not seen, but reported by themlners.......................................... I G 

ft Yellow-grftyllniBstone, BlmilartoNo, 11, above B 

3. Thin beds of blue limestone, sep»ra.t8d by narrow bands o( oil rock. Frequently this blue 
limestone Is turning brown along the cracks and edges oF the bunds. This Is the ehlef ore 

horisoa, the blende and galena being disseminated through these blue limestone bands. . 4 
'I. Oil rook mixed wlih sandy shale and some thin banda of blue limestoni, which carries ore 

to the same manner as No. 8 8 

(. Uun oil rock, containing ore also I a 

S. Blue shale 1 6 

t ODrock S 

a. A soft yellow to white clay, called "p^eclay" \ 

2, Block carbonaeeous shale or slate 2 

1. Buflldnestone 1 

Section at the Tippecanoe mine. 

Pt. Id. 
1. Thin bedBo! blue limestone and narrow beds ol oil rock. This Is the ofe horlion 5 

i. Blue shale. In places some of this is closely like the oU rock, and at the bottom there Is a 

Wtly continuous layer ol blue to gray-yellow soft day 4 

3. Black carbonaceous shale or slate 2 

I Hard blue limestone 3 

Section at the Capitola mine, 

4. Ordinary buff Galena dolomite 3 

a. Thin beds of limesione, some of which look much like typical glass rock, separated by thhi bonds 

o( oil rock 6 

5. Main oil rock 1 

1. Blue shale 1 

It will be observed that there is a black shale present below the main oil-rock and ore- 
bearing horizon. Yet it is believed that the claj bed found beneath the ore represents 
the best datum line for dividing the Galena from the Platteville. At the Tippecanoe mine 
the sequence is normal down to and including the glass rock, but along the neighboring 
Aream characteristic dolomite of the Gali^na continues downward to the thin beds of the 
Platteville usually found below the glass rock. Whether this is properly lo be interpreted 
as an unconformity or is evidence rather of dolomitjzation affecting lower beds than usual, 
can not' be decided at present. 
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He ore found in these mines is in the mala blende. Veiy little galena is present, and 
iron sulphide is much less abundant here than elsewhere. All three minerals, however, 
occur. The blende occurs in idiomorphic ciystals and ciystalline masses from a, sixteenth - 
to a half inch in diameter, both in the oil rock proper and in the dolomite lenses and nodules, 
which are interleaved with the shaly material. In the brittle limestone beds the ore fills 
distbct fracture pluies and eridentl; represents crystal! izatiua in open spaces. Tbe ore 
in the oil rock seems to represent growth in place by roetssomatic replacement and shows 
t, distinct tendency to seek out the lenses and stringers of dolomit* in the shale. 

The ore occurs in flet sheets or runs, 2 to 4 feet hi^. These follow the course of nar- 
row crevices in the roof, the mineralization extending along the top of the flay bed 6 to 20 
feet on either side of the crevices. The latter are generally east-west in course, and some 
haTe been worked abbve for lead. The clay floor rolls slightly, as under a coal bed, but its 
irregularities do not seem to condition the mineralization. He whole of the evidence 
favois the view that the ores originated by simple downward concentration acting agtunst 
an impervious bed of clay. 

Mr. Grant's description of the Graham and Stevens mine is given below; 

This mine Ib a tfplcal on« of tbe clase ot dlBaemlnat«d dapositB. The section has already been givoi. 

While the vnik has not developed far enougb to show the lorai and the sice ol tbe ore deposit, It 
appears that the main ore is ninoing In a gereral east-west directfon, or, more strictly, probably a 
little south ol east. Tbe on Is mafnly tbe dlasemlnBted sphalerite, but there is aome galena, and this 
IB eqMdally the eaae near tbe croealng of two crevk'ee in tbe mine, at which location galena la vei7 
abundant and seems to replace the epbalerite at least in part. The thin band of blue limestone found 
above the oil rock is the main ore horizon. Along the cracks and bedding planes of this limestone 
there has frequently been considerable oxidation. By this oiidatlon some of tbe mamasite may have 
been altered, so that its preeenco la not easily roi'OgniMd. At the same tUne there Ib conalderaliie of 
this rock which seems to be fresh and unoTfldized. and In this man'asite is very rare, although there 
are oixaslonally small amounts of it. The practical absence of maicasite from these disseminated 
deposits has already hesD commented upon. 

The mines are all opened by adits. The Graham and Stevens bos a concentrating mill; 
the others clean their ore by hand or in the Graham and St«vens mill on a custom basis. 
The ores are soft and veij easily cleaned. Id general, approximately 8 to 16 tons of con- 
centrates ate produced from 100 tons of mill dirt. Tbe extent of the flats is entirely 



Oenend.—Tbe geology and topography of the MifBin area are shown in PI. XU, reduced 
from the special map made by the State survey .a Its striking feature is the presence 
of two long, narrow basins pitching slightly to the east. The MifBin mines proper, the 
Penitentiary and Gnino, are located in the lowest part of one of these basins. A second 
group, sometimes spoken of as the Livingston mines, is found in the other basin on its long 
western gentle slope. TTie area illustrates, perhaps better than any other in the region, the 
location of deposits in gently pitching structural troughs, and it is significant that the 
mines are among the most productive in southwestern Wisconsin. 

Penitentiary range. — The Penitentiary range is stated by Strongfi to have been opened in 
1842. Up to IS77 it had yielded about 1,500 tons of galena and 12,000 tons of blende. 
The production since that date is unknown but large. The range is spoken of as 300 feet 
wide and the thickness of the deposit as varyii^ from 6 inches to 2 feet. Chamberlio'^ 
figured a cross section of the range as typical of the occurrence of Sats and pit^heiB except 
in the relative unimportance o! the pitches. He also figured the occurrence of the dis- 
seminated blende, or "speckled jack," in the oil-rock beds. The mine was opened by a 
level and the deposit was followed several hundred feet in a generally northwest direction, 
which would be diagonally down the structural slope. 

o Grant, U. S., Perdue, M. J., Fuleber, Q. 9.. Con, Q. H., Bannister, J. K., and Cady, Q. H., Wlflin 
ibeet: Bull. Wisconsin Geoi. and Nat. Hist. Survey No. H, 1906, pi. 3. 
'Geology ol Wisconsin, vol. 2, 18J7, p. 721, 
• Ibid., vol i, ISSi, pp. 473-t7G. 
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Sruna mine. — The Gnrno, located s short dbtance n<»ih and weet (rf the old Peniten- 
tiarj range, was the most importanl nune near Mifflin that was accessible wben the area 
was studied. It is located on a topographic slope, the main shaft being at 1,011 feet above 
sea level, lie deposit is in the deepest part at the structural basin and has a general 
course N. 18° W,, exunding diagonallj across the basin. Both esst-west aod north-south 
crevices may be observed in the mine, but the sooe of mineralization follows a diagonal 
direction. The ground plan of the woriiings is shown in fig. 32, from a sketch map pre- 
pared by Mr. Ellis. Between 200 and 300 feet east of the preeent workings is an old range 
similar in many particulars to the deposit now woricing. 




Fio, S2.— Sfcetoh map of the Gruno workings near Mifflin, Wli 



In the Gruno mine three separate fiats connected by pitching and vertical crevices are 
worked. The highest is a small sheet above the oil rock, generally worked in connection 
with the glass-rock flat. The area over which this upper flat hss proved productive is not 
indicated on the map, but in a general way coincides with that of the glass-rock flat. The 
loiddle opening is in the oil rock, and it does not seem to be productive In the area of the 
other flats. It is worked over a long, narrow strip paralleling the other flat and lying west 
of the glass-rock workings and at a slightly higher level. Between the two is a long, narrow 
stretch of relatively lean ground. 
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The disseminated ore in the oil rock is connected with the top flat by a pitch to the west 
and with the glasa-rock horizon by a second pitch in the same direction. The latter does 
not seem to lead to good ore at the glasa-rock horizon, so that the main glass-rock flat is 
east of the pitches, and if the completu sot is present there should be a boundmg set of 
pitches to the east. It may bo no(*d, however, that here, as in the Penitentiary rai^e, the 
pitches seem to be relatively unimportant and the whole vertical range ot the deposits 

A general section of the beds seen in the mine would he as follows: 

General eedi(m in Gruno mine. 

Ft. In. 
9. Dolomite, normal, sandy textured. 

8. Blettile, upper flat 2-5 

7. Limestone, flne-gralned, [n thin beds separated by bituminous partinga 1-2 

6. Oil rock; bi tumtoouo, ealcareous elialo 1-2 

- i. Qlaasrock; hard, chocolate-colored llmeBtoDe 5 

3. Shale, dark-brown, hard 4 

a. Clay, brown to red 3 

1. Dolomite 

The top flat is a sheet of blende varying from 2 to 5 inches in thickness. Its position is 
shown in fig. 33, which also ohows the disseminated ore in the oil rock. The top flat is the 



3. Upper ph&H of oil ruclf. Thin beds of haM. fine- fl. Olaee Tocb. 

0T«lne4 Umestonfl nltbparllii^ D£<]arbqi]4ceDiLB ahaib- 

Fio. 33.— Typical section across breast in oil-rock opening, Gruno mice 

least important in the mine, thoi^ it has been worked the most, owing to its presence 
above water level. 

The oil rock has two phases in this mine, the lower one consisting of from 1 to 2 feet of 
dark-brown carbonaceous shale and the upper one of the same thickness of 1 to 2 inch 
bands of hard limestone of glaas-rock texture, alternating with thin layers of typical car- 
bonaceous oil rock. In the oil rock is a flat 25 feet in width, having a pitch coming down 
from a sheet on the east side and fiassing into a second pitch dipping into the clay bed 
and limestone below on the west side. Where the ore pit<^hes through the upper phase of 
the oil rock it occurs as thinly disseminated blende in laigc crystals, but as it passes into 
the carbonaceous shale it forms a flat, 1 to IJ feet in thickness, of very thickly disserni- 
nated ore in small crystals from I to 4 mm. in diameter. On the west side, as the ore ^ain 
pitches and passes into the clay bed below, it forms loose rounded aggregates of crystals 
varying in diameter from one-fourth inch to 1 inch, called locally "strawberry jaok." The 
ore then forms a pitching sheet in the glass rock, but has not been found to lead to any 
important ore bodies below. All ot the disseminated ore is entirely tree -from marcasite 
and is milling ore of e:;ceptionally high grade. 

The glass rock consists of from 3 to 5 feet of bands of crystalline limestone and dolomite 
and is separated from the oil rock above by an unusually heavy and uniform bed of clay 8 
to 10 inches thick, while the bottom ot the glass rock is marked by a bed othard dark-brown 
carbonaceous shale. Below this shale lie 2 to 4 inches of brown clay, oxidized in places to 
a brigUtr-ced color. The ore occupies a horizon 2 to 4 feet thick in the middle portion of the 
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gjass roc^ uid occura mainly in sheets onp-fourth inch to 2 ino.hes in fJikdmeaa along the 
bedding planes, although many irregular seams of blende traverse the roek layers between 
the horizontal shoeta (fig. 34). In some places, howerer, the rock manifestly h»s been shat- 
tered and the blende orcurs as a eemejit in a 
breeds of shazply angular marraaitp; but there 
is frequently in the rock next to the blende a zone 
impregnat«d with the iron sulphide to ■ thick- 
oeos of one-balf inch. 

A notable feature of the ores of this mine is 
the reiT small amount of galena and iron sul- 
phides present. The blende is so rlean that simple 
mncentration produces a merchantable ore and no 



TTie glass-rock and oil-rock fl«t-i are now below 
waler level and are kept free only by pumping. 

The main water channels in the lower horizons 
evidently have been along the shale beds below 
and above the glass rock. There is a very general 
ozidixed area immediately below the lower shale 
bed, and in some places there is a red oxidized 
zone, as much as 6 inches in thickness, directly 
below the upper shale bed. although an uxidiznl 
Bone b more general jiut above this bed. 

The plant consists of a 40-100 concentrating 
mill, which is equipped with the customary jigs 
and also with a concentrating table capable of 
separating SCO lo 600 pounds of Rnely ground 
blende and galena or sludge daily. In 1904 this 

mill was turning out an average of 25 tons of Scale 

concentrates a week with a zinc content of about ?....? 'P inches 

55 per cent. i. sott, iiirhi-Knir Bh>ie. 

EOswortk mint.— The Ellsworth mine, or Cokor t. 'n'iilin,'i^nirt"rt tn hM» of .h.te. 
mine, as it is sometimes called, forms one of the i. wmar mlnirlcd with namiiu. 
western group of Miflim mines. It is located -nhFeSj 

,. ,, , i_ .1 . . I » . 7. Hard, ctloooll^t*^^10I*|^. flnfrffralnsd Hme- 

pretty well down on both structural and topo- Btone. 

graphic slopes. The top of the shaft is at 1 ,059 t. nuuttiHTiij im|i^iiniii«il sltb m>iT«lM. 

feet above sea level, wliile the oil rock lies be- n^/;^ ,SI?'°"' "i"""" ""™i" "»>"*«- 

tween 970 and 980. Mr. Grant measured the Fiq. m,— section o( breast In glftsB-rocfc 

following section in the mine: opening, Onmo mine. 

Section at Ike Kllmcortk mine. 
S. Hard, gray Galena dolomite. Ft. In. 

t. Tbln layers of losallllerous limestone with narrow partings of oil rock. This limestone 1b In 

places very similar to the typical glasa rock 7 

3. OH rock, loeaHy called ''liner" 1 B 

2. Blueclay 2 

I. Hani blue limestone. 

The glass rock is reported to bo only 18 inches thick and to rise up to the level of the oil 
rock on either ^de of the Rat now worked. Drill holes through it show the presence of water 
below, under artesian pressure believed to be local. In lig. 35 the ground plan and a cross sec- 
tion of the mine by Mr. Ellis is shown. His notes upon the mine are given below: 

Tbe ore mined la lioo blende with a smalt quantity of galena, anil occurs In a Sat from lloat to Gleet 
above the oil rock. A thickness of trom 4 to i leet of rock and oro has been removed. Tbe range runs 
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The clay bed below the oil 


ock is very thin, rarely 
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as un impervious layer below and ha» dlrFCt«d tl 
There Is an unusually heavy flow of water In the mi 
irom fissures extending partially through this shah 
more than 3 Inches In thickness. 

The working breast is between two parallel pitches running N. 20° W„ S5 teet apart and dipping In 
opposite directions. The pitehes cany ore below the oil rock, but in the area between, the ore occurs in 
the limestone above the oil rook in horizontal sheets and irregular seams with vertical connecting 
crcTices as shown in the cross section. West ol the main hoisting shaft is a series ot parallel quartering 
pitches running N. 30° E. and pitching to the northwest. These quartering pltihea carry blende with 
small quaatities of galena and pass through the oil rock in irregular seams as shown In fig. 3A, 



T than 1 foot to the oil rock, Howev 

urs directly above the oil rock. 

le upper horlion is comparatively fr 

•■ oil rock there Is a marked Increase of the maicasit 



The mine has two hoisting shafts and one pump shaft. The pump used is a Cornish lift, 
which hoists approximately SOO gallons of water & minute through a, 16-iDch pipe. One com- 
pressed-air drill is used, the larger proportion of the work being done by hand drills. The 
mine is equipped with n 40-ton concentrating mill, which cleans an average of 40 tons of con- 
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ceotrates a week. Two grades (rf ore are prepared — one nitimng about 50 per cent in zinc, 
shipped to Waukegan, and the other lower, going to Mineral Point. A roaster has recently 
beeo installed. 

Swmnte md Svntet min«. — These mines, near the Ellsworth, work flats *nd pitches in 
the Galena above the oil rock. Both are well equipped with mills and roasters, but were 
not espedallystudiediDdieoouiBeof thisBurvej, Other mines in the viciuit; are the Ludd 
and the Crescent, the latter about 3 miles south. Dear Rewey. 



Geaend. — The geologic and topographic features of the Linden district are shown on PI. 
XIII, reduced from the Mineral Point special map of the Wisconsin Geolc^cal Survey .« 

The Galena formation covers most of the surface, but the Platteville and St. Peter are 
found along the headwaters of Mineral Point Branch andcros^the area. The most important 
structural feature ia a long, narrow basin crossing the area from east to west. It has an ascer- 
tained depth of 60 feet and at the 1,020 contour (structural), which includes most of the mines, 
is about one-half to three-quarteis of a mile wide and nearly 3 miles long, with an unknown 
, western extension beyond the area 
mapped. Within this basin are the 
Mason, Glanville, and Milwaukee 
mines. In a subordinate basin on the 
north the Robarts mine is located, 
while old surface workings are spread 
over the long, gently sloping northern 
side of the basin parallel to the stream 

Masonmine. — The most important 
mine in this district is the Mason, or 
Heatlicock. Workbegan herein 1833 
and according to Strong b about 
20,000 tons of lead ore were produced ° | ^ ^^^^ 

previous to 1853. From that dale to ^ Tli[nliedd*ailn.Mton9niaiIi«rtlnKaot™rbonac™u.>liiilB 

1866 about 3,000 additional tons were "i'Ui^llh."" n^preBena tne oii.rwjk hortmn. 
won, while from 1866 to 1S74 the 
mine stood idle. Since 1874 it has 
been more or less continuously oper- 
ated for zinc ore, and it is now an im- 
portant producer. As is usual with such mines the early production was of galena from 
vertical crevices. later galena and amithsonite were found at lower levels, in the ordinary 
flats and pitches, while now a bjg flat with only minor pitches is being worked for blende. 

Chamberlinc in discussing this range In 1SS2 pointed out that in the early stages of mining 
here the ratio of lead to zinc produced was about 7 to 1. As the lower horizons were worked 
the ratio changed to 1 to 24, and at that time the total production of the property had been 
about 42.000,000 pounds of zinc ore. Since that time the zinc production has been lai^ and 
fwrly steady. In 1904, 200 to 300 tons of blende per month « 
figures, as pointed out by Chamberlin, give definiteness to 
lead predominates in the upper beds and zinc in the lower. 

The main flat, now being worked has a J-shaped ground plan, as shown In fig. 37, from a 
map of the mine workings now accessible made by Mr. Ellis. The longer arm extends for 
nearly half a mile with a generally northwest course. At the eastern end the flat bendssharply 

■ Grant, U. S., Perdue, M. J., Etlls, E, E., Fiilcher, O. 9.. Cox, Q. H., Baonlster, J. R., Mineral Point 
sheet: BuU. Wisconsin Qgol. and Nat. Hist. Survey No. 14, leoe, pi. G. 
' QvAogs of WlBCOnsin, voL. J, 1877, p. 728. 
' Ibid., 1S73-1S79, vol. 4, 1382, p. 473. 
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round, forniing a hook with & course finally almost aouthweat. The flat is generally 50 
feet wide, but narrows to 20 feet and widens to 100. Numerous vertical and pitching i 




re shown iii the roofs. Most of them are indicated in the ligure. The direction in which the 
'erices pitch, where it could be determined, is shown by the small amms. While the con- 
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dition of the old workings do not permit the deterrniDation of the relatioDsof these crevices to 
the pitches worked above, it may be noted that in the ob^rved cases the pitch is uniformtv 
outward — that ts, toward the north and east. According to Strong and Chamberlin the upper 
workings, beginning in theflint beds, consisted of three parallel crevices showing the ordinary 
openings containing fallen rock and dolomite sand. When traced downward these were 
found to join a common wide flat sheet. On the north this is said to have — 



dipp^ quiteunllomily to the lowpr flat In tbe glass rock opening. But on the south side, the more com- 
mon habit ol alternate pitches and flats wsb found to prevail, complicated by subordinate allots which 
unite with it and Join thecommonflat below. This lower flat Ilea In the glaas-rock opening and has been 
proved tn atretfh acroaa to the toot ot the north-pitching sheet, a distance ol 190 leet. This Bat as is 

According lathis interpretation, the main workings represent the big flat c<«nmonly found 
between the pitches, and accordingly a long, curved, slightly depressed basin with its limits 
marked by j»tchingjointa. It may not be amiss to point out here that while this small basin 
or channel is wholly within the larger structural basin already discussed, and in the hook at 
the eastern end is roughly parallel to the end of the basin, the long arm runs diagonally down 
the structural slope. The pitching joints, as already noted, conform in direction to the ore 
body rather than to the larger structural basin. 

North of the main run is a second one which is parallel through the portion so far devel- 
oped. It is unique in that so far as known there are no old workings over it. It was dia 
covered by a crosscut driven north from 
the main workings, and has so far been 
developed for a length of approximaCelj 
300 feet and a width of 75 to 100 feet 
Its structural relations are Hhollv un- 
known. The present workings are at 
the glass-rock horizon, and according lo 
Strong the main flat is a little more than 
20 feet above the St. Peter, uhich was 
reached in one shaft on the property. As 
seen in the mine the glass rock averages 
about 7 feet in thickness and has a thin 
bed of soft clay above, with a band of 
harder shale separating it from the gray 

limestone below. The mineralized pot- o a * i mcnes 

tion of the rock varies eenerallv from 1 

.,...., , . ■' , Fio.38.— Kelations of inarcaBlte(M),blende(B),anO 

to 4 feet, but at many places is as much calcil*<C)>n the Maaon mine, Linden, Wis. 

as 5 feet in thickness. The ore consists 

mainly of blende, there being very little galena at this level. Marcasite is present, 
impregnating the surrounding limestone and lining cavities in the rock, but not generally 
intimately intergrown with- the blende. Calcite is the only gangue mineral. The sul- 
phide and the calcite line and fill small cavities and fracture planes in the glaas rock. In 
fig. 38, made from a section by Mr. Ellis, two pitching crevices are shown coming down 
from the roof and connecting with small flats of ore. More or less ore is found running 
down into the gray limestone forming the present floor of the mine, and near the east 
hoisting shaft a 3-inch sheet of blende, pitching downward, was observed. 

While mill returns arc not available, careful estimates of the various faces of ore indicate 
a yield of 3 to 15 per cent, with an average of perhaps 8 per cent of concentrates. Up to the 
present it has not been found necessaiy to roast the ore to clean it, 

Robarts mine. — ^About three-quarters of a mile north of the Mason mine is the Robarts. 
This, OS already noted, is in a subordinate structural depression within the Urger one already 
discussed. The shaft is on a topographic slope at about 1,100 feet above sea level. It is 40 
feet deep. The mine shows the flats indicated by Mr, Ellis's map (fig. 39), and a cross sec- 

oChamberlin, T. C, Geoiogy ol Wisconsin, vol.1, 1882, p. J71. ,-, . 
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tion shows two outward-pitching crevices. An examinatioD of the map shows that other 
pitches are present and that a wide variety of courses is represented. The upper flat and 
the main pitch running down from it is above water level and in the dolomite beds of the 
Galena about at the lower Keceptacuiitra zone, the foaail being abundant along the pitch. 
The ore mainly found here consists of galena in great cubes showing edges 2 inches or more 
long and apparently freely grown from solution in open space. A sheet of nearly clean 
galena 8 inches to 1 foot thick was exposed when the mine was visited. 

The lower flat is said t<i yield blende, and specimens of ore from it showed blende, marca- 
site, and galena Intergrown, thou|>h the galena was very subordinate. The mine seems to 
represent secondary precipitation of galena at water level and above the miun deposit of 
mixed sulphides. 

QlanmSe mine. — Near the eas(«m end of the structural basin are two mines, the Glanville 
and the Milwaukee. The Glanville shaft Is on a topographic slope at 1,120 feet above sea 



SECTION ALONG A-B 
















/^/"^ YrT'^ 








/^ Lis 
















A-C. Diagonoliy alons pitch M-N 

C-D. Uppermost flat 
'•" Orehoniona 

Wall of upper fist 

*■ Pitch 








Vt«T,CAL SCALE 










'x^m 


'Ma 










'3y^ 




""'■■ " V 


.-m^ 











AL SCALE 


IDOrEET 















JS.— Ground plan andct 



level. The oil rock lies at about 1/)10 feet, and the work is at that hoHzon and in the glass 
rock, 8 feet below. The ground plan of the mine and two cross sections are shown in fig. 
40, prepared from surveys by Mr. Ellis. 

A peculiar feature, unusually prominent here, consists of certain rolls and dips in the rock 
below the glass rock. From the bottom of the shaft the floor dips to east, being depressed 5 
feet in SO. On the other side it rises, and similar dips were observed elsewhere in the mine. 
Equivalent irregularities are shown by the higher lying beds, so that whether the depres- ■ 
sions represent deformation or not the forces producing them affected the beds as a whole. 
The ore is found indiscriminately over the depressions and the rolls. 

The ore in the glass rock consists mainly of blende, with subordinate amounts of galena. 
Hie two are intimately intergrown, but such iron pyrite as is present seems to occur mainly 
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in distinct banda. Tie ore bed conasts of a dark shdy material 18 inches to 2 feet thick, in 
which the ore occurs chiefly io a single sheet 3 to 8 inches in thickness. 

Hie oit-rock horizon shows a similar fiat, which has been more extensively worked. To 
tlie north and seemingly toward the edge of the ore body the blende disappears and only 
calcite and iron pyrile are found, although the rock retains ita character and the small druses 
and fractures are present, as in the productive portion of the mine. The oil rock varies in 
thickness from 1 to 2} feet, but more or less ore is found through 5 t« 10 feet of rock. 

The mine has no mill, the ore being prepared for shipment by cobbing. A few shipments 
of m^iiBsite have been cleaned up and sold for add making. 



Oeneral feaiuret. — Mineraj Point is one of the oldest and beat known places in the region. 
In the past ita mines have been heavy producers of both lead and zinc, the latter occurring 
mainly in the form of zinc carbonate. Since the St. Peter sandstone outcrope in most of the 




FlQ. 40.— Ground pis 



Ine, Linden, Wis. 



streams, the zinc-bearing beds are mainly aboTe water lerel. This favored their early- 
development and at the same time minimized the chances of finding additional ores of the 
sort now in demand. * Such mines as may be locateil will doubtless be found by drilling back 
some distance from the main streams. Two mines recently opened, the Tripoli and Western, 
are located near the headwaters of small tributaries to Spensleys Branch. The general 
geology of the district is shown on the Mineral Point special map of the Wisconsin Survey ,o 
and information regarding the old ranges may be found in the older Wisconsin reports, par- 
ticularly that of Strong.'' 

Tnpoti mine.— This mine is looa.ted in the SW. J NE. l.sec. 26, T. 5 N., R, 2 E., at the 
locality known as the "Old Harris diggings." Tlie mine is being reopened by Milwaukee 
capitalists. The shaft, which is about 90 feet deep, is located at 1,130 feet above sea level, 
the oil-rock horizon being at about 1,050 feet above sea. In the mine there are three 
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separate opeoinga or levels. The Hrat, c&lled the "brown-rock opening," is about 8 fe«t 
above the oil rock. It is developed only io the eastern part of the mi ae and is 3 to 4 Feet high. 
Some ore was found at this level in a greenish -colored sandy dolomite. The true "green- 
rock opening" is supposed to be 4 to 6 feet still higher, though it was not seen in this mine. 

The main work is along flats, with small pitches at the oil-rock horizons. This bed is about 
3 feet thick and the face sliows a brown, brittle limestone, separated into btiDds by dark ahalj 
partings. Blende, galena, and iron sulphides occur in sheets one-half to 3 inches thick 
along the bedding planes. Occasionally there are flat druses lined with ore, which also 
occurs in pitching and vertical crevices. A small amount of calcJte is present. At one 
point there is a small monoclinal fold with an amplitude of about ID feet, and with oxidized 
rock below the fold and along the crevices which cut it. The workings are. in general, about 
at the natural water level. 

Ten feet below the main workings the glass-rock level bos been opened. The breast shows 
a thin-bedded brittle limestone not ejtactly like the typical gloss rock at Platteville, yet 
resembling it. There are thin shaly partings and the rock has been siightij brecciated. 
The ore occurs in the fractures and along the bedding planes through a thicfcnessof 18 inches 
to 2 feet. At its base is a thin shale or clay band, which the miners undercut, as in coal 
mining, shooting the rock down to it. The ore makes a rather regular sheet on this band. 

The mine is well equipped with a steam hoisting and milling plant, housed in corrugated- 
iron buildings. When lirst reopened, a considerable amount of the stored waste or rock 
from the old workings was run through the mill. From a quantity of this material, esti- 
mated at 75 t«ns,mil!ed in tenhours,15tonBof concentrates were made. Tlie concentrates 
were very high in iron sulphide, and the content of zinc ore proper is not known. A roasting 
plant has since been installed. 



OeTi^rd features. — The general structural and geological features of the Dodgeville dis- 
trict are shown in fig, 41, based upon the map of the area published by the Wisconsin Geo- 
It^cal Survey." The district was especially studied by Mr. FIlis and has been described by 
him, From6 this paper and from his field notes, supplemented by a few personal observations 
the following account has been compiled. 

Location. — The Dodgeville district lies in the extreme northeast portion of the Wisconsin 
lead and zinc region. The area in which raining has been carried on is relatively small, in- 
cluding not more than 10 square miles, and nine-tenths of the raining has been done 
within the limits of four sections of land. 

The history of this portion of ihe district has been the same as that elsewhere in south- 
western Wisconsin. Mining was fiist carried on for galena alone; then forgalenaand smith- 
sonite, as a market was found for the zinc carbonate, and of late years attention has 
been lately turned to the depofdts of zinc blende. 

Dodgeville is situated on the divide between the drainage of Pecatonica and Wisconsin 
rivers, while the center of the mining district is among the small headwater streams ot 
Dodges River, which flows into the Pecatonica. The country is porfe«tly drained, and, as 
the streams flow to the southeast and are nearly parallel, a series of long, narrow ridges has 
been formed. In the least eroded portion of the area the hills rise to a little above 1,200 
feet above sea level, which marks approximately the height of an old peneplain. The 
small streams have an avera^ fall of 60 feet to the mile near their sources and have flat 
bottoms, and the valleys have gently rounded side slopes. 

Stratigraphy.~The formations occurring here are Galena dolomite, Plattevilie limestone, 
and St, Peter sandstone, while a short distance north of town, Prairie du Chien or "Lower 
Magnesian " limestone outcrops. TTie full thickness of the Galena does not occur within the 

aGrant,U,S„Peraiie,M,J„Fulchflr, G.S.,and Cady, G. H., Dodeevme sheet; Bull, Wisconsin Geot 
and Nat. HIat. Survey No. 14, 1908, pi. 4. 
tEllJB, E, E,, Zinc and lead mines near Dodgeville, Wis.: Bull. V.B. Geol, Survey No. 2ea lOiU. pp 
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area, although at places 200 Teot of the dolomil« remain. In the territoiy where the lai^r 
proportioD of the mining ta carried on erosion has left not more than 100 feet of the Galena, 
ncluding the lower 50 feet of nonfliDty dolomite, above which lie the Intercalated bed? of 




l0GliDCIDlli 



flint and dolomite. These intercalated beds when complete attain a thickness of 100 feel 
The base of the Galena ia marked hy a constant shale bed varying from I to 3 feet in (hick- 
□esa. This shale consists of blue clay and of brown carbonaceous material or "oil rock." 
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The Platterille limesUme haa here a rather uniform thickness of 65 feet, and ia much leas 
inagnesian than the Galena. Theupper beds, called the "giasa rock," conatitute the impoi^ 
tant ore hoi izon. The glaas rock ia Tery fine^^ined, hard limeatone, varying from 4 to 1 2 
feet in thicknesa. It ia brittle, nonmagneaan, and frequently breaks with a conchoidal 
fracture. Near the base of the Platt«Tillo is the magnedan limeatone known as the "quarry 

Oeneralized aectum of the PltdUviUe limeeUme ntar DodgemUe. 

Pt. In. 

Olaaarock 10 

Dark-brown to blacky hardf flarbooaceouB shalA 3 

Hard gray limestone 10 

FoBBlUIeroua Hmestone, floe grained and separating Into thin, Irregular beds IS 

Clay bed ^ 2 

Dolomite limestone in heavy beds (quarry rook) 2G 

Sandy abate 8 

The most important structural feature in the district is a broad, shallow basin within 
which all the mines are located. The area mapped is so antall that the full extent of the 
bsain is not known, but its extreme ehallowneas ia apparent from the fact that in 1} miles 
the maiimum difference in elevation ia less than 20 feet. Apparently there is an inter- 
rupted slope Vb the aouth with a ahallow depression on the resulting flat. It ia believed that 
this structui« reflects depoaitional conditions and ia not deformational. 

Ore deposits. — The ore bodies occur in three general modes — in vertical crevices, in pitch- 
ing crevices, and in flats, occupying a large horizontal space. The pitching crevices are few 
and unijnportaiit. The quantities of sphalerite and galena produced are at present nearly- 
equal, while a small amount of smithsonite is also mined. Caldte is frequently assodated 
with these ores, and marcasite almost invariably accompanies the blende in varfing 



Very little mining in this area has been done in the Galena, the important ore bodies 
occurring in the glass rock of the Platleville. The ores obtained from the Galena have been 
galena and smithsonite, which occur mainly in vertical crevices, though with a small devel- 
opment in flats and pitches. 

The ore bodies now worked are in the so-called "glass^ock opening" of the Platteville 
limestone, and consist of irregular flats with ncca^onal smaU crevices leading from above. 
The horizon occupied by the flats of the glass-rock opening has a vertical hei^t ranging from 
1 to 7 feet, and the ore bodies have an average width of 60 feet, with frequently a very con- 
siderable longitudinal extent. The course of these flat ore bodies ia not regular, as devel- 
oped in the Dodgeville area, and even the individual ok bodies do not keep a single direction 
any great distance. This variation in direction probably follows the position of the feeding 

Where the ore bodies lie below the level of ground water, the predominant ore is zinc 
blende. Where they lie above or near water level, the important ore is galena, with asso- 
ciated smithsonite. In the ore bodies which have been above ground water, and which have 
been consequently subjected to the oxidizing influences of surface waters, the limestone ia 
generally soft and disintegrated and the ore occurs in a flat at the base of the glass rock 
directly above a bed of hard impervious black shale 1! to 5 inches in thicknesa. These flats 
of galena and smithsonite are very irregular, varying I'rom a solid sheet 4 inches in thickness 
to small lenticular masses only a few inches in longest diameter and separated by barren 
rock. In the ore bodies which have escaped the oxidizing surface waters, either because of 
an impervioua bed of oil rock above or because they weie sufficiently far below Rround-water 
level, the i»«dominant ore is zinc blende with a small proportion of intimately associated 
galena and with considerable iron sulphide, generally in the form of marcasite. While in 
this latter type of ore bodies the ore occure in a flat at the base of the glass rock and above 
the thin shale bed, the main body of ore is in irregular seams traversing the rocks in diverse 
directions, but with the majority parallel to the bedding planes of the limestone. The 
irregular seams repiesent fractures in the glass rock which have been enlarged by solution 
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and filled irith ore, ood give a, marked brecciat«d appearance to the limestoite. The horizop 
□ccopied b; these hedding and cross seams has a vertical height of from 1 to f- feet, and the 
proportion of ore varies greatly from place to place in the same mine. 

TTie Urge lioriKontftl eilent of the flats and the small amount of pumping necessary 
makea the working of theiie mines relatively cheap and permits the development of leaner 
bodies of ore than would generally be profitably worked under the mini ug methods followed. 
The galena and smithaonite above the level of groundwater occur in soft rock as a rule and 
e readily separated by haud sorting. They are relatively free from iron and are conae- 
qucDtlyot good grade. The ores below water level are intimately associated with mareasite 
and are separated from it with difEcultv , the grade of the blende concentrates being in con- 
sequence considerably lowered, although holding well up with that of the average ore of the 
Wisconsin district. 

Although the ores of the glaas-rock opening constitute the most important bodies yet 
developed in the vicinity of Dodgeville the fact should be remembered that in the greater 
part of the Wisconsm lead and zinc district the more valuable lead and zinc deposits have 
occurred above this horizon, and there is no reason to suppose that such deposits may not 
exist in the less eroded portions of the Dodgeville area. Considerable work hua been done 
in the past on lead-bearing crevices at these higher elevationa, and one company haa recently 
started development work on one of these old lead ranges. 

Mention should also be made of the fact that some prospecting has shown the presence 
of galena in the upper portion of the Prairie du Chien or "Lower Mognesian" limestone 
near Dodgeville, although no development work has been done and no definite idea can be 
formed of the possiUe extent of such bodies. 

Devlttpment work. — TTiere are at present seven producing mines in the area: Tho Wil- 
liams Bros., producing blende and galena; the Hartford Lead and Zinc Mining Company, 
starting development work on an old lead range; the Snowball and Oxman mines, both 
j^lding galena and blende; the Davy Pengelly mine, with galena and smithsonite; and 
the Tyrer and McEinley mines, the former producing galena and the latter blende. In 
the area are a number of abandoned mines which in the past have been producers of 
galena and smithsonite, while there are a number of small mines that are worked only 
during the winter. 

WiUiains min*.— The Williams mine is located in the SW, } sec. 25, T. 6 N., R. 3 E., 
and is the most important producer in the district. A map of the workings accessible at 
the tinae the mine was visited is shown in fig. 42. 

Access t« the mine is had through an incline. The main workings are in the glass rock, 
though ore was formerly taken from the basal beds of the Galena and lead was found in 
vertical crevices still higher. The oil rock is here about 3 feet thidi and small cubes of 
galena are sprinkled throi^h the rock where it is cut through in the incline. The main 
woritings are about 10 feet below, though narrow crevices, some of these pitching, join 
the two horizons. In certain drill holes near by it is reported that a small amount of galena 
was found in the ''big pipe clay" — the clay bed at the base of the Platteville and just above 
the St. Peter sandstone. 

The glass rock in this mine is a brittle, brown rock apparently somewhat magnesian. 
At the base of the workings is a 3-inch bed of gray clay with a flat sheet of blende 2 to 8 
inches thick lying just above.. Similar sheets occur along the bedding planes and in cross 
fractures through a thickness of 3 feet of rock. TTie blende shows some galena crystal- 
lized with it but almost no iron sulphide. There is a little zinc carbonate present and 
^parently oxidation has gone far enough to destroy the iron sulphide and is beginning on 
tbezJnc. 

He flat has an irr^ular course and where measured is about 150 feet across. Its full 
length has not yet been determined. 

The mine is equipped with a steam concentrating mill and a rope haul tor bringing cars 
out of the mine. 
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McEinky mine.— TheUcKiniey mioe is in the NW.} 9ec.35,T.6 N.,R.3 E.,iind yieJds 
blende witli smull quantities of ^lena. 

The work is done from a abaft SO fe«t deep, which penetralia to the base of the glass 
rocli. The ore lx)dy is worked in a direction 25° south of wast and consists of a 2-inch to 
4-inch sheet of blende directly below the gloss rock. Considerable marcasite is intimatelj' 
mixed with the blende. 

A horsepower boist h nsed, and ns the mine is above the level of ground water no pump- 
ing is necessary. 



Tio. 42.— Sketch map p( tho \VLIl]ama mine, Dcxlgevlile, Wis. 

lM.-y Penjelly mine,— This is a lead and dry-bone mine, in the NE. J sec. 34, T. 6 N., 
R, 3 E. The ore occurs in a flat sheet 2 to 5 inches thick and lies directly below the giosa 
rock, resting on 7 inches of shole. A considerable body of ore has also been developed in 
ft pitching sheet leading from above. The ore is above water level and occurs in vety 
thoroughly oxidized and softened rock. The zinc ore is entirely in the form of the car- 
bonate, no blende being left, while the marcasite evidently has been leached out with the 
blende, leaving only a red stiiin. 
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Snowbaa mine.— This mine ia situated in tlie SE. } sec. 26, T. 6N., R. 3 E., li miles east 
of Dodgeville. It is located near the top of a, hill at an elevation of 1,190 feet above sea 
Wei. The main shaft is 93 feet deep and penetrates to the baae of the glaas rock, which 
ia 12 feet in thickness. The glass rock is very hard and very fine grained, and breaks with 
a conchoidal fracture. It is unaltered, the shale directly above having evidently acted as 
an impervious layer, as the oxidizing waters have reduced the overlying limestone to a red, 
dialky mass. Near the shaft, in this softened horisoo, a quartering crevice has widened 
into an open cave, in which a small quantity of galena waa found. 
'he mlun ore body is a flat sheet of galena and blende, 3 to 6 inches thick, which lies at 
and below the base of the glass rock. Where the ore rests directly on the shale below the 
glass rock it occurs in a compact and uniform sheet, but as it passes in places up into the 
s rock it breaks into irregular seams. The rock surface, when cleared of the shale on 
which the ore rests, ia aeen to be uneven and to have irr^ular rolla, which appear to have 
had no effect on the ore body. 

There is considerable galena and a relatively small proportion of marcasite with the 
blende. The marcasite occurs both earlier and later than the other sulphides, and as an 
inner lining of cavities. While the hlende and galena are intimately commingled, the mar- 
casite ia distinctly separated, forming a rather marked crustification. 

The mine is pumped by a small gasoline engine, which is also used for hoisting. The 
ore is cleaned in hand jigs, to which water is furnished by the pump. 

Tyrer miw,— The Tyrer mine is in sec. 35, T. 6 N., R. 3 E. The only ore at this mine 
Is galena, which lies above water level. The galena is found in a flat at the "base of the 
glass rock, and occurs in irregular lenticular masses, no solid sheet being found. It has 
been worked in a direction 25° west of north. 



General. — The Highland mines are the northernmost in thereon that produce regularly. 
The district occupies a part of a high ridge between Blue and Otter rivers and stretching 

t toward Wisconsin River. The mines are on the old peneplain at an altitude of 
about 1 ,200 feet. The surface rock is the Galena, but the Platteville, St. Peter, and Prairie 
du Chien outcrop in the adjacent ravines. The ores occur mainly in flats in the lower beds 
of the Galena. The section shown at the Kennedy mine, as measured by Mr. Grant, is 
repreaeottttive. It is given below. 

Stdion at the Kennedy mine. Highland, WU. 

Ft. tn. 

7. Hard Galena limestone 15 

6. Bandaof hard gray limeBttJne, with thin seams o( rook that resemble oil rock, but are harder. 

This is called the " lower opening " , 6 

i. Oil rock, which Is here harder and moie compact than usual 1 

t. Gray to yellow soft clay 8 

3. Very hard, flne.^alaed gray limestone. Thisis called the glass-rock opening, hut the rock is 
not like the tj^Bcal glass rock 4 

The principal structural feature of the district is a shallow, irregular basin running 
slightly north of east. This basb is divided by a low, narrow swell rising about 10 feet 
above its bottom and having its major axis parallel to that of the basin itself. The mines 
n the north side of this structural swell and mainly at the foot of a structural slope at 
least 1} miles long and rising about 40 feet to the north. These and other details of the 
e shown on the special map of the district published by the State," The main 
structural features are indicated in PI. XIV reduced from this map. The mines were 

03, a. H.. Bannister. J. H.. and Cady, G. H., Bigh- 
Burvcj No. 14, 1S06, pi. 2. 
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studied in 1904 by Mr. Ellia, and from hia notes the followii^ descriptions have been pww- 

Kennedy mine.— Hie Kennedy inine is the SB- i iec. 28. T. 7 N., E. 1 B., oi»-Judf mile 

northeast of Highland. It ia on the ^de slope of a shallow guUej at an elevatiraiof l,ZIO 
feet above sea level. 

Tlte ore is blende, galena, and smithsonite, with the zinc ores predominant, and occurs at 
nearly the level of ground water. The general direction of the ore body is northwest- 
southeast, but a har of unproductive limestone crosses the mine in a northeasterly direction 
and separates the ore body into two distinct parts, in which the ore occurs in different beda 
and in different forms. 

In the portion of the mine worked from the northwestern shaft the important ore body 
is a 16 to 18 inch sheet of disseminated blende and galena in a blue shale representing the 
oil rock. Above and below this shale the limestone has been very thoroughly softened 
and colored red through the agency of oxidizipg waters. The disseminated ore within tlie 
shale has been protected from these oxidizing waters and has undergone no alteration 
except near the edges of the shale, where some blende crystals have been leached out, 
leaving cavities. In the softened gloss rock below the shale conmderable galena and intitb- 
sonite are obtained in irregular seams, while at the base of the glass rock, above a 2-inch 
bed of hard, black shale, is a fairly constant sheet of galena, 1 to 3 inches in thickness. 

In the vicinity of the second shaft, on the south ^de of the har, the main ore body is in 
the ^ass-rock horizon, although disseminated ore in the oil rock is also worited. While 
oxidation has been complete above the oil rock, the gloss rock below has been protected in 
general from the surface waters. Small cavities lined with crystals of dolomite and with 
zinc carbonate are present in the glaas rock and in places the blende has partially altered 
to carbonate, but the main ore body consists of unaltered blende and galena in sheets par- 
allel to the bedding plane of the gloss rock and in irregular seams crossing the beds. 

The ore contains a relatively small quantity if marcosite which impregnates the glass 
rock next to the ore scams and also occurs within the seams as the last mineral deposited. 
In the disseminated ore the blende and galena are intermingled. In the glass rock also 
these two minerals are intimately intermmgled although another relation is common 
where crustification is marked, namely 1 Wall rock frequently impr^nated with iron 
sulphide; 2, blende; 3, galena in octahedral form 4 occasionally a thin layer of blende. 

The two shafts are, respectively, 90 and 88 feet deep and penetrate about 3 feet of the glass 
rock, which has an elevation of 1,130 feet above sea level. The strata are nearly horizontal 
here, but they rise both to the north and to the south, so that the mine is near the middle 
<rf a broad, shallow sjncline, with a width of 1 mile and a vertical difference between trough 
and crust of 30 feet. In the mine ore a number of small vertical and pitching crevices, 
running from 30° to 60" west of north, with an average direction of 45° west of north. The 
old surface workings in the vicinity indicate that this is the direction of a long range. 

The ore is hoisted by horse power and is cleaned at an old-fashioned plant of small capacity. 
TTie cleaned ore, however, is of good grade, running up to .')8 per cent zinc in the blende 
concentrates. A new 100-ton mill will shortly be initialled on the completion of the new 
railroad. 

Kennedy dry-bone mine. — This mine is about 400 feet north of the Kennedy mine and is 
at about the same elevation. 

The only ore obtained from this mine in quantity is smithsonite, although small quanti- 
ties of galena are sometimes obtained. No blende whatever has been found here. The ore 
occurs in what the miners call " brown rock," 6 to 10 feet above the glass rock, and ia all 
above water level. Oxidation has been so thorough that the limestone is completely soft- 
ened and is univeraally of a reddish-brown color. The ore and rock are of the same color 
and frequently can be distinguished from each other only by the superior hardness and 
weight erf the ore. 

In this mine a great many dry-bone-bearing crevices cross one another at every angle ; 
someof these are vertical, but most of them are pitching. The greater part of the ore occius 
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id tbti pilches, but good ore is obUioed in flats haviDg a Interal extent of only a few feet. 
The ground plan of the minB, aa well as the general distribution of the pitching crevices, is 
>diown in fig. 43. It will be noted that the crevices are notablj inconstant in direction. Id 
that portioa of the mine indicated bj B-C-D-E it may be fiutber noted that the pitobea 
outline an irregular oval area SO to 100 feet wide and approximately 150 feet long. It seems 
not improbable, in the light ot observations in other mines, that if the whole area wsre 
opeD to observation these crevices would be found to interlock or join, forming a complete 
circuit of outward-pitdiing joints. In the other parts of the mine the area open to obser- 
vation is too small to permit generalization. 

All the work ia done from one 69-foot shaft, and the ore is raised bj horse power, being 
ready for ahiiHuent when brought to the surface. 




id plan anil cr 



si tbe Kennedy dry-boae mine, Highland, Wis. 



LevHs tnine.—lbs Lewis mine ia in the same s< 
is at 1,185 feet above sea level, and the oil rock <>■ 

The ore is a niixture of zinc carbonate and gi 
DO pump being necessary. The oi 



a tbe Kennedy. The main shaft 
: 1,130 feet, 
laandliesabove tbe level of ground w^t«r, 
o horizons — a flat at the lop of the g^ass 
rock aad one ipimediately above a black shale bed at the base of the glass. These flats 
B from 2 to 4 inches thick, and the lower one corries unusually light-colored smithsonite, 
called by the miners ''white bone." The glass rock is thoroughly oxidized and soft. The 
crevices which can be seen in the roof of the workings run N. 45° W. and carry little ore. 
There are two shafts, Iha west and main one being f)2 feet deep and penetrating 3 feet of 
glass rock. A horse-power hoiat is used. 
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Eberle mine.—Ttm Eberle mine U located 3 miles southeast of Highland in the NW. } 
sec, 2,T. 6N., E. 1 E. The mine is situat^id at the li«ad of a gulley, where the ground is 
relatively high and is little below the level of thti old peneplain. 

The ore is blende, galena, and smithsonite, the zinc ores conatituting 80 per cent and the 
galena 20 per cent of the production. It occurs in a series of flats and pitches occupying a 
vertical extent of 22 feet between the "green-rock opening" above and the glass rock below^. 
Ore is preaent in the glass nick, although little haa been taken out at this horizon because of 
inadequate pumping facilities. 

The general direction of the ore body as opened ia nearly east-west, though with a slight 
northwest trend. There are two main series of pitches, one N. 20° E. to N. 30° E., pitching 
to the southeast, and the other about N. 70° W,, pitching to the northeast. Hie flats and 
pitches are of the typical order, and the flats carry more ore outside of the pitches than 
within. The ore body opened ia all below water level and consequently the sulphide oreg 
are unaltered except directly in the main water channels, so that practically all the zinc 
carbonate occurs in the pitches. 

Besides the solid ore in the flats and pitches there are two marked horizons of dissemi- 
nated ore. In the oil rock there is a veiy constant sheet of disseminated blende, from 4 to 
18 inches thick, in blue shale and typical oil rock. Eighteen feet above the glass rock there 
is a 4 to 6 inch bed of blue clay, in which blende occurs in irregular, somewhat rounded 
lumps, from one-half inch to 3 inches in diameter. 

The blende and galena occur both intermingled and in separate sheets containing only 
one of the minerals. The ore is unusually free from marcasite, although the iron sulphide 
is said to be much more abundant in the glass-rock horizon than above. The freedom 
from marcasite ia evidenced by the high grade of the concentrates, which frequently run to 
60 per cent and even 62 per cent metallic zinc. 

The mine has two shafts, the upper or hoisting shaft being 63 feet deep and penetrating to 
within 9 feet of the glass rock. The second shaft, 300 feet away and 25 feet lower, is used 
for a pump shaft. At the time the mine was visited the ore was raised by horse power and 
cleaned in a small plant equipped with 4 shaking jigs run by a gasoUne engine and with one 
hand jig. The ore was sized for the different jigs by a trommel screen. This small plant 
yielded 5 tons of cleaned ore a day, the annual production being close to 400 tons. Re- 
cently the mine has been equipped with a new 50-ton concentrating mill. 



OeneniZ. — Montiori; occupies a situation somewhat similar both topographically and geo- 
lo^cally to that of Highland. Comparatively little mining has, however, been so far done in 
the vicinity. The district is notable for the presence of a mine which is worked mainly for 
the sulphur content of the marcasite. The followit^dataconcemingthe mines are derived 
(romMr. Ellia'a notes. 

Monifort Mining Company. — This company has sunk a 100-foot shaft near the south 
limits of the town. A low-grade ore has been found, jxintaining blende and marcasite. 

Jmtes and Snoui mine.— This mine is located in sec. 26, T. 6 N,, K. 1 W., IJ miles south- 
west of the town. It has been woriied intermittently for ten years and steadily since March, 
1903. The ore is marcasite with a small quantity of zinc blende, the mine being woriced 
mainly for the marcasite. 

The ore body occurs 18 feet below the surface of tlie ground and is worked directly in the 
center of a valley. Glass rock shows at the lowest point. Above the glass rock occurs 6 
inches of oil rock followed by 2 feet of hard blue shale. The ore occurs in a sheet, from 6 to 
12 inches tliicfc, lying directly above the blue shale. At one place the ore pitehes to the 
weet throu^ tlie blue shale and oil rock. While the limestone above the ore body is red- 
dened by oxidation, Uttlc change has been effected in the ore, which lies a few feet below the 
level of ground water. 

Although the ore is mainly marcasite, considerable associated blende is locally present, 
the ajnoiut varying from zero to nearly 50 per cent. Where the bleodo occuia there is 
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marked cruatificstion. Marcaaitp octura aa thf lowest iuvir, fnlliiwed by from (wo ti> four 
Hllrrnatc kyrra of blraik and marcHalto. 

Wben the mine WKa visited 400 tons of marcasitt' in all had been produred and sold at 
from S5.o0 lo $6 per ton. llie profitable mining of ore of this low grade is possible berause 
i<F the neameiei of the ore liody lu the surface and the eaw with whieh the ground may be 
ttorked. 



Genemi.— Comparatively little mining is now goii^ on near I^Jieaster, attention beinff 
directed more especially to the eastern part of the region. In earlier years then were iiii- 
portaDt raincfl on Pigeon Creek, near Beetown, Cassville, Feiiniiiiore, and other points. In 
the summer of 1904, when these localities were visited by Mr. Ellis, mining was being carried 
Ml at only three places. His descriptions of the niinea are given below. 

C/xm noUow miiu.— This mine is in the SE, 1 sec, 25, T. 4 N., K. 4 W., 6 miles southwest 
of Laiicasl«r,Wis. 'Hie mine was opened in April, 1904, and consists of a drift 60 feet long, 
which runs into a hillside practically at (he level of ground water Thin drift is directly on 
lop of the glass rock and shows the oil rock to be 6 inches In thickness, with a hard blue 
shale bed, 2 feet in thickneas, above the oil rock. The ore is disEjeminated blende, in large 
rryslala one-fourth to one-half inch in diameter, and occurs in the blue shale bed above llie 
ihI rock. No other mineral is associated with the blende at this horizon, although galena 
has been found and worked at higher elevations. 

The ore is passed through a horst-power crusher and then cleaned by hand jigs, giving a 
high-grade concentrate of zinc blende. 

£i«riem!7K.— TlieEberle mine is 11 miles northeast of Beelomi, Wis., in theSW. l«pc.2l, 
T.4N.,R.4W. 

Zinc blende liaa been found along an cast-west ereviei>, and galena in a 50-foot drift along 
a crevice running Ji. 60° E. Along the ca-it-west crevice a space has been worked between 
lS0and200feet1ong, withahe'ght offrom 6 to 17 feet and a width of from 8 to 15 feet. 
This drift is within the lower flinty beds of the Galena dolomite, 50 feet above its base. The 
crevice is tight throughout, the ore oc<iurring in typical honeycomb form. Marc*sit« 
occurs in a thin sheet between the limestone and the blende. 

There are two shafts, one 60, the other 100 feet deep, the working level being 60 feet below 
I Iheaurtace, The mine iaequipped with a 40-ton concentrating mill, erected in the fall of 190;i. 
! Red Dog mine.— The Red D<^ mine is located near the southeast corner of sec, 13, T, 3 N, , 
I R. 3 W,, on the crest of a long east-wesi ridge, and h at an elevation of 975 feet above sea 
j level. 

The mine has been worked for several years at a horizon about 75 feet below the surface of 

I the (i^UDd, At this horizon the ore is galena and smithsonite. Recently the shaft has been 

sunk .% feet lower and has reached a second ore horizon, yielding blende and marcasite. 

The entire ore body is in the flinty beds which occupy the middle horizon of the Galena 

limestone. 

Several large east-west crevices ran through the mine and the greater part of the work 
has been carried along them, although north-south drifts have been run to connect. At the 
upper ore horizon the crevices have been widened out by solution, which seems Co have been 
more elTective here than above or below. So much of the dolomite has been dissolved that 
the unaipported strata have broken Into angular blocks, which have frequently fallen out of 
place. The rock itself bos been honeycombed by the solvent waters and the ore deposited 
in cavities. The rock has been reddened by o.-ridation and made so soft that it is reduced to 
sand bj the Wasting. The galena occurs as aggregates of cubes in the solution cavities, and 
is frequently associated vrith smithsonit«, while considerable open space is left, which has 
evidently once been nlled with blende, outlines of the crystal forms being left. The east- 
west crevices have been worked longitudinally for 150 feet and vertically for 5 to 30 feet. 
The area between the eas >west crevices contains ore which is not rich enough for hand 
cleaning. 
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The upper ore horizon, na showu in thi^ abaft, extt^nds down <u the lower, where typical 



honeycomb ore, oontaininghlende and marrasite, buinogaleu 
cavities in thiH rock as in that above, tlie irregular solution t-ai 
been niied by marcaaite, blende, and calciU^. Marca^il^ occurs 
ties, the rest oF the space having been filled by blende or i^alcite. 
the beginning of a pitch to the north has been developed. 

An 85-ton concentrating mill has been erecled, equipped n 
tahle. Tliree air drills are to be used. 



s foinid. There art no opeD 
ies iu (he limestone having 
s a thin film lining the cavi- 
Ar-the bottom of the shaft 

h jigs and a euiicentratihg 



Comparatively little mining has been done at Potoai for some years. A large number ot 
old ranges, formerly worked, are described by Strong a and Cbamberlin.6 The present 
workings, as well a-s (he geology and topography of the district, are shown in PI. XV, a map 




prepared from detailed surveys made by E. F. Burcliard,.A. W, Lewis, and J. li. Bannister. 
It will be noted that there is a long, narrow atruetural Iwain extending to the northeast from 
the southwest comer of the district. Near its eastern end, in sec. 36, is some of the most 
pronounced deformation in the region, a sharp little ovcrthrust anticline being developed, 
as shown in fig. 44. This line of disturbance trends a little south of east and shows plainly 
in the two stream valleys that it crosses. Associated with it aie several crevii^.i which con- 
la, and near (hem a small quantity of galena is disseminated through the rock. 




Tike phenomena are noiable, aa this is the only place in the region where ore is known to 
be accompanied by such evidence of deformation. The amount of displacement is evi- 
dently veryslight, since it is not enough to affect the position of 10-foot structural contours. 
The Trego mitie. No. 2, was located near the upper end of the syncline, in the area of local 
deformation. In fig. 45 the situation of the workings with relation to the known range.a of 
the region is shown from surveys made by Mr. Trego. The mine, which is now abandoned, 
was worked in the Galena formation some distance above the oil rock. 
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The Cardiff Company has two properties in the district — one not now being worked, in 
the vicinity of sonip old ahftllow rainea in sec, 25, and a second in sec. 35, At the latter 
driJlinghasshownorenear the base of the Galena forniHtion, and a ahuft hag been sunk to it. 
Drifting is now baing carried on la develop the ore. 

The Kroag and Webster mine, aouth of British Hollow, in apparently working in rock 
above the oil rock. The dump shows .some good ore, but the property was idle when 
Tisited. 

ORE IN THE PRAIKIE DU (nilEX FORMATION. 

It ha.s already been .sliown that the beds below the Platteville limestone, except the dolo- 
mitic strata of the Prairie du Cliieii or" Lower Magnesian;" are generally unfavorable to the 
deposition of ore. In the latter formation ore has been found at a number of points, and the 
possihiiity of large liodieaof ore at this horizon haE«such HcientiRc and economic importance 
as to demand especial attention. For these reasons the following rather full abstracts are 
given of the most important literature on the subject. There is little (o add to what has 
already been written, siniv for many years the search for ore in the dolomite has been prac- 
tically ubandonod. 

Oiivn. — D, D. Owen first discLis.«ed the matter. In his final report he summariBed" his 
observations as follows: 

The Luwer UagnesUlii llaiestonv. as it [nvxeiite itaelt nortJi ol the WiKOQBin River, has many eharac- 
lera which Indicate s metalliferouB nwk. 11 occurs, as ne liave seeo, In thick and solid walls, massive 
and diirabl*. It ia travereed by rente and flewiros of detennioate course, o( which liie walls have but 
Uttle disposition tooninil>le and give way. It is intersected hy spars, cryatsiiizations, and vehi stones, 
snch as usually accompany metailltocBs. Along certain parts olitx range II bears rvident marks ol con- 
siderable local aisturtance, the signeof an ttdjaiieniaslsol dislocation. It has, as already shown, many 
points of analogy with the Upper Uagnesian limestone of the Ulneial PoiDl and Dubuque districts ol 
Wisconsin and Iowa, a rock n-hlch has proved itsell to be extraordinarily productive in lead ore and 
has afforded copper ore ol excellent quality, which is now smelted, with profll, in the vicinity ot the 
mines. The Lower Hagnesian limestone may. in one respect, be considered more lavorably situated 
than the upper as a mineral-bearing rock. It in an established iBct in geology that, all other Uilngs 
being equal, the lower or older a rock is the more likely ft It to be metal iiterous, because nearer the 
sources from whence experience Ind testes that metsliic materials find their way into its recesses: in other 
words, because in closer proiimlty to rocks of igneous origin. But it has been shown that Hie Interior 
beds ot the Lower Uagnesian limestone ol the Upper Uisslsslppl lie at least 300 or 400 teet below the lead- 
beariiw beds of the Upper Magneaian limestone and are separated from the crystal me and ^eoua rocks 

By reference to my former report In 1839* it will be seen that it waBConBlde:«la remarkable ciroum- 

phyry, or other intrusive or crystalline rocks had, up to the time of the survey of 1839, been observed 
there, since theseare In general found tnplace in the vicinity ol productive mining districts. But 1 then 
expressed my belief, based upon the abundance ol metallic lodes in that lead r^on and upon the irregu- 
Isrltlesln the dip ot the strata in some localities, that granite and Irappean rocks could not be larofl. 
Thie supposition has been fully verified by the present survey. One of the most intereating of its di»- 
roverles has been the esCahilehment ol the fact that the lowest beds of F. 1, previously described, rest 

of tnetamorphlc l>eds. 

There can be but little doubt that the whole mining region ot the Mineral Point and Dubuque diatricta 
of Wisconsin and lowalsbaseduponasyenticandgnuiitlcpiBtrorm. which would, in all probability, be 
reached by penetrating to the depth of Irom 2,W0 to 4,000 feet. 

These facta, taken together, may be considered as favorable to the meUlllferDus character of F. 2. 
Fortunately 1 am aUe to brii^ several aciusl discoveries in corroboration of this inference. 

He presents not^s on the occurrence of galena at about a dozen localities in Wisconsin 
and Jowa, mainly' upon the Eickapoo, Upper Iowa, and Turkey rivers. He closes the 
summary with the statement 

"The above instances abundantly prove that the Lower Uagnesian limestone, as well as the 
Upper, is lead bearing; whether productively so or not can not be fully determined until the rock la 
scientUkally mined, c 
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, /'wciwai.— Percival apparentlj believed tliai the lower sfrata would prove productive, as 
is shown by the Following paragraph, quoted by Chamberlin" from his report of 1855: 

It the mineral is interrupted in the upper sandstone It reapp('A''B In tht iJtwer Magne^au. Numeroiii'. 
instances are stated of the occurrence of mineral in tlie Lower Magnesian in Owen's reports (1847, 1852), 
and several other localities have lieen mentioned to me by different individuals, near the Ululsglppl.and 
in the country between it and the Klckapoo, north of the WIsoonalo. 1 shall, however, confine myselt 
tiere to my own observational. I have not yet had time to explore the country occupied by the Ix>wcr 
Hagneslan to any extent and have vl^ted no other diggings In that rock but Chose in the vicinity of 
Bliie Klver, known as Ohlerking's diggings. These, however, tumlah satisfactory evidence that the 
mineral ooeurs in that rock In aa proper openings, in as lante masses, and arranged as regularly as In 
the Upper Magneslan. The diggings are in the sides of a ravine 60 Co 70 feeC deep, leading to Blue 
Hiver, at>oiit 3 miles west of Franklin village- The Lower Magneslan occupies the sides of the ravine 

oJ the descent below the sandstone Is otcupied by a steep slope, formed by the softer upper bed of the 
I<ower Magiiesian, below whieli is another low biutf formed by the harder middle portion of the same 
rock. Three successive openmgs, one above the other, appear to occur here In the Lower Magnealan ; 
one 8 to 10 feet balow the sandstone, another just above Che hwder middle bed, and a third below the 
bottom of the ravine In tbe latter bed, and at a depth o( about TO feet In the Lower Magneslan, The 
openings appeared partly narrow and vertical, partly wide and Oat, with a|i|>earanceH o( decomposition 
and stain In the rock, depoHita of clay and ocher, and arrangements of the mineral similar to those In 
the Upper Magneslan. Flint, such as is peculiar to the Lower Magneslan, Is found In the openings, and 
is connected with the mineral in the same manner as has been noticed in theflint openings in the Upper 
Magnealan. The mineral lu these openings generally appeared in more or less detached masses (chunk 
mineral) , often very large, weighing mo. e than 100 pounds; a lew even more than .'iOO pounds. It is 
what la called pure mlnwal, free Irom Iron and zlne ores, and strongly resembled that found in the upper 
vertical openings in the Upper Magnealan. After examining this locality, 1 could not doubt that the 
ijower Magnealan is agood mineral -bearlo,r rock. 

Whitney.— V/hitoey has given the fullest considei'ation to the siibjei^t, and his views, also 
((Uoted by Cliamberlin, are given below; 

The advocates of deep mining bring forward several instances of the occurrence of lead ore In the 
l,ower Magneslan, where the rock ta exposed on the surface to the north of the lead region, from which 
they infer that 1 1 can be profitably mined in, by continuing the workii^s in the regular lead-bearing rock 
of the district down into the underlying formations. Now, it might be that Che Lower Magneslan 
could be profit^ly worked In when It Ilea next to the aurtace, and yet that It would not pay Co sink to 
it through a thickness ol 100 feet or more ol unproductive strata, when necessarily expensive machinery 
would be required to keep the mines free from water In addition to the Increased expenditure for Uie 
machinery required for hoisting from a considerable depth. We will go further, and make the aaawtlon, 
based on pretty extenrive observation In tbe r^on, that if the present lead-bearing formation, the 
nalena Umeatone, were covered by 100 feet of unproductive rock, as difflcult to rink througfi as the upper 
sandstone, the deposits of lead which it oontaina could only in very exceptional cases be worked with 
proSt; and as tb^ cases could not be known beforehand, tbe result, on the whole, would be unsatis- 
factory. Therefore, even If it be admitted that the Ijower Hagneslan does contain beneath the lead 
region as }&rge and valuable deposits of ore as the (iaiena limestone. It could not be mined with profit 
except where it crops out In the valleys or Is overlaid by only a thin stratum ol other rocks. This 
statement is made, of course, with reference to the present condition of prices, wages, etc., In the lead 

But on the other hand, we are not prepared Co admit that the Lower Magneslan ever has been or Is 
likely to be profitably mined In for lead, dther when It comes to the surlace or when it is overlaid by 
other rocks. For the purpose of determining this paint, we have examined all the localities whire 
galwia bos been reported as having been found in any noticeable quantity and are able to affirm that 
at Che present time no profitable mining is carried on in the Lower Magneslan. and that none ever has 
been for any length of time; and further, that no well-developed crevlcea, or auch aa could be followed 
to any distance, have ever been found In it. 

The principal localities which have been quo ted and relied upon as affording evidenoe of the produeti vc- 
ncSB of the Lower Magneslan are the Klckapoo and Oblerklng's or Mooaan'a direlngs, near Franklin, 
although neither of these has yielded as much ore or boon as worthy of notice as those at New fiaiena, 
on Che upper Iowa River in Iowa. Tbe last-named diggings are thus described by me In the Iowa 

"Alongthefaceof the bluff. Inwhicha Chickaessof IWtolSO teeto; the Lower Maguesiua hmestoni.- 
la exposed, a number of drifts have been extended Into the rock a hctle below ItsJuncCure with the sand- 
stone, and considerable galena has been taken out. The limestone at this point Is brecclated In Its struc- 
ture, appearing as If It hod betn partially broken up after lea deposition and then recemented; portions 
if the rock liave also a concretionary structure, and its whole appearance is that of a material whldi 
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.rith irre^Utr strings and bunchrs ot calcanous epar, ramifylne tbrougli tlie rock, but nowhero sBsun'- 
Ing a regular form, like that ol a vein, or appearing to oceupy a well-fleveloped fls*ure. Sometlmea a 

observed wliioh were more than a lew inches wide and a lew feet long It 1j> said that between 50,0(10 
and 100,000 pounda of ore had been obtained f™ni these dl^ng»; but It seema hardly poaalbia that the 
roQtable one: and, taking into consideration the bardness 
to wtileh It has undei^ne decomposition in the vicinity ol 

saTe in prcBuming that all thoughteof doing a proBtable business in the vicinity have been abandoned. 

The l.i'ttie Kickapoo dlgginga were viaited by Doctor Kimball in the spirnK of 1860, and Irom his notes 
I learn that they are oceaslonally worked by one person, but with no favorable results. A great nnmber 
of shafts have tieen sunk for the purpose of proving the ground, some of them to the depth of 40 to 5Q 
feet, and as there is no trouble from water, thnv is no difllculty In the way of loliowlDg down the ore, IT 
there were any to follow. There are Assures in the rock without a uniform direction, which lead down 
to a sort of opening in wldch the ore is found disn'minated in large masses of flint. The material ol the 
opening Is ferruginous and sometimes soft, the whole appearance resembling that ol the openings In the 
Oalena limestone. The quantity of ore, however, whlrh Is lound here Is too small to repay the labor 

tiaabeen worked over, or about tdO worth a year. It appears, also, from descriptions given me by intel- 
ligent miners wSo had worked at these diggings, thai, the opening-like character of the rock only extended 

pherie agencies have had an opporlnnltynl reaching, the strata brrame hard beyond all hopeof proBt- 
ahle working. There ean be no doubt that the loi'fl'ity in question is not one which can be adduced iu 
lavor ol profitable mining in the Lower Magnesian. 

More recently the occurrence of lead ore in this rock, near Franklin, has been made the BUbJrot ol much 
comment and given rise to unbounded hope* ol profltable deep mining. These diggings, which are 
linown as Ohlerking'e or Moosan's oid diggings, sre situated aijnut 'l miles souttiweit ol Franklin, on a 
branch of Blue River. The valley is narrow and closed hy bluffs, which rise with a steep but grassed 
slope to a he^ht of 230 to 230 leet, ol which tlie lower 70 belong to the Lower Uagnesian and the next M 
to the C'pper sandstone, which is overUid b)- TO to M) feet ol Blue, with thin outlines of the Galena iime- 
^toneon the summit. Doctor Percival says that three enccessive apenlngs here occur— one 8 to 10 leet 
I eiow the sandstone, another Just above the harder middle bed, and the third heiow the bottom ollhe 

On visiting this locality in \KM I found only one person at work there, from whom a very dismal 
account of the prospeot of mining in the Lower Magnesian was obtained, lie had sunk a shalt M feet 
deep, from which he had raised about 10.po]mdsof ore; but I was unable to detect any sign of crevice or 
opening in theexcavation, and as no other was accessible my impressions were necessarily very unlavot^ 
able Id regard to the prospects ot mining In this formation, especially after listening to the vehement 

a rock. According to this individual the ore obtained here was all taken out "In the grass roots"— 
i.e.,c1oae to the surf ace- -and no crevice had e^'er been found leading down to iinytblng workable, a state- 
ment which agrees with all 1 have myself observed in the Lower Magnesian. 

On the whole, it will be sale to say thatnoprofltahlc mining has ever l>ren carried on in this rock, and 
that it IS entirely wanting in well-developed crevices or openings promising enough to justily expend- 
iture in proving them. . Ol course it is not impossible that some locality may hereafter be discovered 
which shall he worked lor a time with profit; hut that the Lower Magnesian can be called, on the whole, 
a " good metatliferouB rock " is what weBrenot,ln view ol the above lacts, disposed to admit. 

iivrriah. — •'. Murrish, in hin report of 1871, cit^d a few localities at nhich lead had be*n 
found, and StroTigo dftseribed several poinls «f which more c)r )ps.s mining had bean done. 

Chamhertin. — Ohamberlin'' described tho iriinw north of Highland and suniraaria'd the 
eouditions up to ISSO, as follows: 

Mining operations having been recently prosecuted in the I,owet Mhgneaian limestone, near Highlflnd, 
by Mr. Ohlerliing, an examlnaOon ol the locality was made by the writer in September, and subsf^ 
((uently the drills were carefully surveyed by Mr. Wilson, who located them upon the surface of tlie 
ground and made a topographical survey of the vicinity. 

Themlncisiocatedon the slope of a ridge, the summit of which is formed by the Trenton and Galena 
limestones, the steep slope by the Rt. Pel«r- sandstone, and the base by the Lower Magnesian Lmestone. 
The shalt penetrates 4.'. feet of the sandstone and about an equal depth ol the Lower Magnesian lime- 
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From near the baM ol this Bhatt a drift haa beea exteoded along an openii^ in a somewhat Irregular 
course, BB follows: Inadtieettonof N. l°E.,aai9tanceof SfeetSinohea; theticeN.lSi-K. ITffet; thence 
N.82)°E.,31feetSliicbe3| thence N. 67]° E., 14 feet Sinches.wbereit divides, one portion continuing o>i 
In&courseN. S0° E„lor 16 feet 6 Incbes, where the wortlngs terminated at the time of our visit. The 
other portion extends N. 28° E. lor 15 feet 4 inches, where It terminates. 

A branch drift commences at 30 feet from the shaft and eit«nds N. SO" K. for 15 feet 4 InchM, vrhen it 
tumeto N. 13i° W. and continues 14 feet 8 inches, when it chaises again toN. 16° K . for a distance of lU 
feet, the limit to which it had been worked. An older drift has a dlrooUon, through about 90 feet of its 
course, of N. Ifl" E., connectli^ at its souUiern end with one extending 30 feet In a direction N. Ml" W . 
The entire extent of the drifts waB abont 280 feet. The opening was largely filled with clay and decom- 
posing rock and contained considerable quantities ot the reddish, sl^btlj' cohesive substance, known 
among miners hi some localities as '"joint clay." The wall rock la not welldefloed, theelayanddecom- 
poBing material apparently graduating fnto the modified strata. At the extremity of one of the drifts 
there was an irregular spsoe between the unmlned clay and the arehing roof of the opening, and I wbb 
mfonned that this was a common fact. That which Is r^arded as the cap rook consists ol a layer of 
sillceousdolomite about t toot in thickness, over which lies a stratum ol greenish blue clay shale, of some- 
what Irregular thickness, averaging perhaps a Inches. The openings probalily had their origin in fissures 
around triilch the rook has decomposed, giving rise to the present clay filling. The lead ore was mostly 
taken from within the clay, being neither at the bottom nor top. I extracted a piece, however, that was 
firmly embedded between two undisturbed layers of rock. The ore seen was chiefly in large cubes, con- 
Subsequently Mr. Ohlerking sunk to the depth ot ITS feet, developing some further openings, not well 
defined, containing small quantities of lai^ "chunk miners], " From the bottom of the shaft a boring 
with & common drill was extended downward to a depth of S4 feet, where the Potsdam sandstone WBs 
reached.- Mr, Ohlerking is ol the opinion. Judging from the pulverized drillings, that oxide of manga- 
nese occurs in considerable quantity tt about 35 feet from the bottom of the shaft to a depth of about 
12 or 14 feet. The first 35 feet of the boring seemed to pass throi^h n mass of limestone and flint irregu- 
larly mingled. Below this, down to the Potsdam, the formation seems to be limestone In regular layers, 
from 1 to i (eet In thickness. The entire amount of ore produced up to 1880 Is given at IdiW pounds. 

Celvin, — Calvin, in discussing the geology of Allamakee County, Iowa," described the 
mine at Laaaing, and made the following notoi on the general (x'L'urr«nce uf galena in the 
Formation ; 

More or lees galena of very excellent quality may be found 
stone. In eroding the valleys the mineral was weathered out 

been brought to llgbt by systematic prospecting, but with one 
In sufflclont quantities to pay the expense of mining It. Wit 

feet to a yard or two in length. Thwe are no regular crevices, 

Ing a short distance from the face of the bluff, that the rock aroimd themhieral-bearing^avltjesls solid 
and not decomposed by weathering. The work of mining, therefore, Is dilHcuit and the reward meager 
and uncertain - 

Leonard. — Leonard reviewed the situation,* descrihiiig the Lansing mine and the old dig- 
gir^ on Mineral Creek as follows: 

The only mine now being worked in this country is that ol the Lansing mining and Smelting Com- 
pany, located 5 miles northwest of Lansing In T, 99 N„ R, 4 W., sec. 10, NW. qr. This is of unusual 
iDtenst on account of being in the Oneota limestone, in which ore hod not previously been discovered 
except in small quantities. It was, indeed , considered practically useless to look for lead inthislorma- 

north-and-south fissure. While these north -and-south crevices are not uncommon in the State, they 
are usually ol limited extent and do not contain large bodies of ore. But here the sheet is an extensive 
one and does not yet show any signs of giving out. The mine was discovered in January, 1891. by Cap- 
tahi Turner, who had reached the conclusion thKt lead occurred In the Oneota and had done considerable 
prospecting at various points. 

The locattoD is on a hillside that slopes to the north and east. W 
crevice is neariy north and south (S, 10° E.), its course Isnot straight, b 
certain limits, so that a shaft sunk on a general course of the Assure may be several feet out ol the way. 

The sheet has been followed 1,000 feet and its limits have not been rasched either to the north or south. 
At the north end of the present workings the Assure Is intenupt«d by a ravine and the sheet thus out- 
crops. There Is reason for supposing that tt will be found upon the other side. The main body of the 
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ORK IN THE PRAIRIE DV OHIEN FORMATION. 123 

shtet has averUcBl(xWiitofIroni2»to30tr<'t,(in(Iawldthul Irora 3to4indir^». A ahRftwii^xuDk 113 
l«t to tJie St. rroix or Potsdam SBndftone and gatrna was (ound In imallquant i ties dowiiu ard to within 
4 or 5 fwt of the ]at(«r. Tbe bulk ol thF on is. however, About 30 leet above the sendstoDe. 

The sheet of le»d is either imbedded In the crevice elay or fills the entire spae« between the rock wal is. 
Whereit extends Bouthunder the hill and has been little exposed to weathering ^encies, the sides of the 
fiBBun have not undergons decomposition and the sheet is in contact with the rock. In other places 
where examined an inch or so ol eiaj' was found between it and the hmestone, the crevice in this caw 
being from 6 to S Inches wide. Again, the Assure may open out until It hss a width of ,3 or 4 feet, an<I 
tben be filled with day. with the sheet of ore against the wall. In such a case the ore commonly lies 
agaio«t the east wall, or toward the lower aide of the hill. The sheet does not exWnd vertically to the 
Burrace,butlntheupperSor10feetcurvesoTer toward the east or down tbe slope. Evidently there has 
been a slipping of the hlllBlde which has carried with It the top of the stieet, this bending being a result. 

Most of the ore is talcen out In pieces nf considerable siie. The galena Is ailed with many cavities. Often 
lined with crystals of lead carbonate or eerTisiie.formedbythealterationottheBulphlde. Onesampio 
showed SO.BS per cent of lead. The ore contains nearly 4 ounces ol silver to the ton. At the present 
time (November, 1895) the production has reached 500,000 pounds with excellent prospects lor the future. 

Lead was formerly mined atone other locality in Allamakee County, on Mineral Creek |T. eg, R. W., 
««. 131, about 2! miles south ot where it empties into the Oneota. Xear the confluence of the two 
streams a small town, New Oalena, sprang up, and during the years lJiJi6-57 prospecting and niinint; 
were actively carried on. The mines were in the upper part of the OneoU limestone, not far from its 
juncture wit!) the St. Peter sandstone. Mineral Creeic has cut its valley through this sandstone and 
well down into the underlying limestone, which here has an exposed thickness of more than IflQ feet. 
This latter rock shows evidence of considerable disturliance, being more or less brecciated , and has been 
recemented by siliceous material, ftisfullof cherly, or flinty, matWrand is very Impure. 

The mines were on a hillside and were worked by means of short drirts. Instead of h^ng in crevices 
the ore occurred scattered through the limestone, necessitating considerable blasting. None ot the 
drifts extended more than 40 to 50 feet fi^m the surfaw, as the mineral-bearing rock did not reach a 
greater depth. To separate the mineral great heaps were constructed with wood intermingled with the 
rock. These were fired, and after the fire had done its work Clie heat was found to have been insufllcient 
lo roelt the galena. It had only broken the rock into small pieces. Then this was washed and the min- 
eral was separated. The latter was smelted in a furnace located at the mouth ol Mineral Creek. During 
tbe two years that the mines were in operation «3 pigs were turned on t and this trifling return represents 
almost the entire product ot this district. When the locality was vi^ted early in 1894 some prospecting 
was in pn^ress, but with little chance ol success. Float lead Is found quite abundantly In the country, 
and the Oneota probably contains moreorlessot this mineral. ButislCdoubttuI whether, asarule, the 
ore occurs in well-defined crevices and in amounts suRtclent to make the mining profitable. 

Summary . — These citations have been pven somewhat fully, since no work has been car- 
ried on in the Prairie dii Chien for some years and it haa been impossible to collect new 
notea on the occurrence of the ores. The fact that in a formation so well exposed and so 
excellently situated for the discovery of ores praciically no ore has been found must argue 
strongly against any notion of its general productiveness. It is probable that some galena 
is indigenous, but there are no known reasons for expecting many or lari^e ore bodies to be 
found. Certainly the ores found in the highei' beds have no direct relations to those below, 
except as the latter have been derived from the former by downward and lateral transfer 
through erosion and reconcent ration. 

In areas where tbe Prairie duOhien is now exposed th« Galena and Platteville wore formerly 
present. It they were then mineral bearing, as they are now in the mining region, it is 
natural to auppose that as they were eroded some of their mineral content became segre- 
gated in the dolomite bciow. 

It is impossible to say that further prospecting will not develop ore deposits in the Prairie 
du Chien. Indeed it is probable that more of such deposits will be found. So far as expe- 
rience indicates, however, Ihey will not be of the type found in the Galena-Platteville, but 
may be expected to be vein deposits such as that which was worked at Lansing, Iowa, or 
some sort of disseminated deposit su^h as occurs in southeastern Missouri. The hope of 
linding the latter is not strong, but the ore found on Mineral Creek is reported 1o have been 
of this character, and such bodies, even if found in the past, would not have been woikable. 
Under present conditions any such deposit would be worthy of careful investigation. 
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GENESIS OF THE ORES. 
HISTORICAL R^.aUMK. 

Early refeitnrei. — The earliest viaitofs to this region devoted apparently but little thought 
to the genesis of the oren. Th(>y were mainly concerned with their disttibution and mode oF 
orcurrence. Aside from a vague reference or two in the writings of Featherstonhaugh and 
Schoolcraft, there is little of record. Apparently they accepted without special thought the 
then current dictum that ore deposits were the result of the action of deep-seated, ascending, 
waters, Owen, indeed, briefly discussed the problem and attaehed some .significance to tli«- 
presence of a "granitic andsyenitic platform" at nogreat diatanee beneath the productive 
horisons. In this subsequent investigations have failed (o sustain his views, since the pro- 
nounced unconformity above these pre-Cambri an igneous and motamorphic rocks waaeai-ly 
seen to preclude any direct conne^rtion between them and the ore deposits. 

Serious study of the genesis uf the deposits was initiated with the work of Percjval and 
Whitney. Both of these men began their studies of the region in connection with private 
mining companies, and each in tur.i later studied the field under the auspices of the State of 
Wisconsin. Whitney in addition prepared reports for the States of Iowa and Illinois. 

While they began work in the region at about the same time and were both accurate, 
painstaking observers, (hey came ti. opposite conclusions. Percivat believed in the deep- 
seated origin of the ores and I'eferred them to ascending thermal waters acting along fault- 
ing fissures. This was the orthodox doctrine of his time. Whitney believed that the ores 
were concentrated from the surrounding rocks by the action of shallow, descending waters, 
and failed to find evidence of any Gonsiderable faulting. From the first, therefore, these 
two schools of thought have been lepresented among the investigators of this region and, 
while it is fair to say that for many years the consensus of opinion has favored the general 
theory typified by Whitney's view, there are even yet vigorous dissentients, 

/. G. Percival. — In considering the views advocated by Porcival it is proper to recall tiie 
fact that his studies were essentially pi'eliminar^-. He died before his work was completed 
and his second report was Issued after his death. It is idle to speculate as to the changes 
his views might have uiidergot^e had he gained a more complete knowledge of the district. 
His conclusions can be judged only as they are known to us, Percival was an unusually- 
painstaking and accurate observer, and this fact gives importance to his belief in the 
presence of faulting in the region and its significance in relation to ttie ore deposits. His 
beliefs are perhaps sufliciently indicated by the following quotation : " 

ened not only bj the general results of 1117 observations in the diggings, hut by the appearance i>f dis- 
turbance In the strata, particularly along the line of the great body of mineral traversing the middle of 
the district and by the relation iu the bearing ot that body to the extenivo ranges ol primary and 
metainorphic rocks toward the northeast. Indicating that the niinnral may have arisen from a miiaa of 

Percival does not seem to have recognized the possible influence of ine([uaUtIes in original 
deposition, nor does the fact then appear to have been reeognized that differences in the 
tithology of the same bed could be due to differences in the depth to which dolomitization 
had extended. To these two causes, supplemented by gentle deformation, are referred the 
phenomena which he interpreted as faulting. So far as present observations go no faulting 
of more than a few inches is known in the region. This matter has already been discussed 
on page 43. 

J, D. Whitney. — In sharp antithesis to Perdval's belief in derivation of the ores from 
below, with localization along faulting fissures, stands the theoiy advanced by Whitney. As 
a result of studies, extending through several years, he concluded that the metals were 
originally precipitated from the sea at the time the surrounding rocks were formed and 
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were later concentrated in their present situation bv the action of ordioan' imdei;ground 
water. He appealed to organic matter as tlie calisp of (lie original precipitation and 
thought that the Ordoviciaii seas contained unuaual amounts o! the nietala. The iucaliza- 
tion of the deposits was explained as doe in part to the presence of unusual amounts of 
Olganic matter and in part to opportunities for secondary concentration. 

This was the first applicatitm to this region of the theory of lateral secretion, aa it csnie 
later to lie termed, and Whitney's main contribution was his recognition of the fact that 
the ores were derived from the surrounding rocks and concentrated hy the circulation of 
ordinary underground water. The clear recognition of these facts at so early a period, and 
in the face of current opinion to the contrary, is notable. Whitney's explanation of (he 
localization of the deposits has not appeared alti^ther convincing U> subsequent workers, 
and he left many details of the processes of both original deposition and subsequent con- 
centration to be worked out. The importance of the zinc deposits was almost wholly 
unreci^inized, and his studies were necessarily confined almost entirely to the deposits 
found in crevices and opening. The considerable differences between them and the lower- 
tying bodies now being worked would seem to warrant inquiry as to whether the explana- 
tion offered by him applies to the whole of the deposits. 

T. C. Ghambtrlin.—T^f; second geol<^cal survey of Wisconsin devoted elaborate study 
to the lead and zinc refpon. Strong, who began the work, did not live to complete his 
study of the materia! ccillected and accordingly contributed little to the discussion of the 
theoretical questions involved. This work fell to Chamberlin, and in the paper already so 
frequently cited" he has given much the most complete consideration of this phase of the 
subject that has yet appeared. 

In general, Chambcrliifs conclusions are founded on those of Whitney and advance the 
theory of the latter to much greater precision of detail. On the fundamental question of 
the source of the material he agrees that the metals, originally derived from the crystalline 
rocks in the area to the northeast, were, during the process of sedimentation, disseminated 
throHgh the Galena and Plattevllle beds. This conclusion be reached, as did Wliitney, 
mainly by the elimination of other sources from consideration, but the result was oheclied 
by a calculation showing that the amount of material necessary to produce by concentra- 
tion the richest known ore bodies was very small, "one fourteen -hundredths of t per cent, "b 
The cause of the regional location of the deposits was found in the psieogeography of the 
Mississippi Valley and a hypothetical mapping of ocean currents such as to produce a shore 
current and large eddy in the region. This was thought to be favorable to the unusual 
accumulation of organic matter, particularly of plant remains, with consequent reduction 
and precipitation of the sulphides. 

The minor localization of the deposits was explained by the observed_ fact of their occiir- 
renc« in "synchnee,"- which were held to be in part depositioiial and to have furnished 
favorable conditions not only for original precipitation but for later t'oncentration. 

The process of concentration was studied in detail and both the direction of underground 
flow and the nature of the chemical reagents and re.actions involved were considered. Tlie 
vertical order of the deposits, galena above and blende below, was noted and a su^estion 
was made as to its explanation through "selective chemical affinity." 

Charaberlin's conclusions liave stood the test of time remaj'kahly well. In some particu- 
lars they have been criticised: in others additional information has brought greater cer- 
tainty or more detail. The specific criticisms and changes Involved will be discussed in 
detail later. 

W. P. Blakf.— In 1893 Blak<', after spending two years at Shullsburg in the d.'velopment 
of zinc properties, recurred to Pereival's opinion regarding the presence of faults in the 
area.c He, however, followed Whitney and Chamberlin in believing that the ores weie 

"The ore depoaits of Boutliwestirn Wisconsin: fleologj' ol WlsNinsin. vol. ■». 1(«2. pp SOI^m. 
c Bull, o'eol.' See. Americii, vol, 5, l«H, np. 2:>-'ai Trn 
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derived from Cii? sutroutidlng rocka rather than from below. Ho emphasized, without 
attempting to explain, the fact that the deposits were found in a drifttess area. His maiu 
contribution was the pointing out of the Importance and significance of the oil rock, thougii 
in explaining the presence of the hydrocurbons in It he had recourse to a theory of subma- 
rine exhalations of which there ia no independent evidence and for which there is now no 



W. P. Jenney. — At the same time that Blake wrote, Jenney dbcussed the region.o goiug 
back entirely to Percival's notion of derivation of the ores frum iDdefinite depths, witli 
localization along faultily fissures. Hk observations were mainly upon ore deposits in 
the Ozark region, though he spent a shoii time in the upper Mississippi region. His argu- 
ments were based upon analogy and certain tiroad generalizations regarding ore deposits 
in general. 

Arthur Winsloiv. — Winslow, a« a I'esiilt of his studies in Missouri, arrived at the conclu- 
sion that the Ozark ores were alls^ther the result of secondary processes.^ He believed 
them to have been concentrated in their present position as a result of the decomposition 
and erosion of overlying beds. He suggested that this theory might also prove applicable 
i:o the deposits in the upper valley. He called attention to the wide distribution of Ic&d 
and zinc, and at his suggestion J. D, Robertson made a number of large quantitative analy- 
ses of the rocks of the Ozark region. The limestones, including evidently dolomites, 
showed an average content of .00198 pound of galena per cubic foot of rocJi and .0063 
pound of blende. The latest percentages of the metals were found in the crystalline 
rocks, but the number of analyses was not considered sufficient to establish this as a mice 

A, O. Leonard. — In 1896, as a result of studies of the Iowa deposits, Leonard pointed 
out diSiculties In accepting. Wiuslow's explanation arising from the presence over much of 
that area of the thick, impervious Moquoketa shale. He adopted Chamberlin's explana- 
tion both of the origin and localization of the ores, stating that " It furnishes, on the whole, 
the most plausible explanation yet offered for the localization of the upper Mississippi 
deposits."il 

Oaivin and Bain. — In 1900, after studying the Dubuque deposits, Calvin and Bain 
accepted in the main the conclusions of Whitney and Chamberlin. Tliey checked the sug- 
gestion regarding the presence in the country rock of the metals in disseminated form by 
large quantitative analyses simiUr to those made by Winslow and called attention to the 
close association of the deposits with dolomite, suggesting that the conditions which pro- 
duced r^onal dolomitization of the Galena were favorable to the original precipitation 
from sea water of the metals. 

C, R. Van Hiee.^At about the same time Van Hise discussed the general principles con- 
trolli:^ (he deposition of orese and applied them to the deposits in this region. In this 
paper several important advances were made. The theory of the derivation of the ores 
from the surrounding rocks was accepted. Their localization was explained upon a wholly 
new basis, namely, that they were clustered round the outlets of an older artesian circula- 
tion which had hrst concentrated material that had been widely diffused through the r^ion. 
The present ore deposits were held to be the result of a second concentration by downward- 
flowmg waters that acted essentially as had been postulated by Chamberlin, The details 
of this process were elaborated and in particular the present vertical order of the deposits 
was explained as a result of the process now called "secondary enrichment." This paper 
attracted wide attention and greatly stimulated the study of ore deposition in the Missis- 
sippi Valley. Van Hise and Bain/ worked out the application of the principles to the 
Joplio district and held them to t>o very probably applicable to the other districts in the 
Mississippi Valley.f . 
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T7. S. Grant— In 1902 Grant took up the restudy of tha Wisconsin mines and in 1903 
publishtd a preliminary report in which he accepted Van Hise's conclusions regarding tlie 
genesis of the ores. In a second report attention was directed entirely to the distribution 
wid structural features of the depoaita under an ftrranp'mi'nt whereby the further study of 
(heir genesis waa taken up by the writer. 

ff^«umf.— From this brief review of the opinions of earlier workers in this field it is ' 
apparent tliat in recent years the general disposition has been to concede that the ores 
originated through some phase, at least, of lateral soeretion. The theory that the ui*a 
were derived from deep-seated soui'ces has been appealed to only on the basis of analogy 
and general principles. The main difficulties in the way of accepting the doctrine of the 
genesis of the deposits through lateral secretion have grown out of the problem of the 
locaUzatiun of the deposits. To meet these diflieulties two sorts of hypotheses have been 
advanced; hrst, that the material was originally somewhat unequally distributed through 
the rocks as a result of varying conditions of sedimentation, and second, that the material 
was originally approximately evenly diffused and that present inequalities are the results 
of the manner and degree uf later concentration. The views of Whitney and Chamberlin 
are typical of the first gi'oup; those of Van Hise and Winslow of the second. 

STATEMENT OF THE PROBLEM. 

Before entering upon a detailed account uf the i-esults of the present studies as they 
relate to the genesis of tliese deposits it may be helpful to review briefly the facts of occur- 
rence which any satisfactory theory must take into account. These relate to (a) geographic 
distribution, (6) geologic position, and (c) mode of oi 



By referring to the description already given it may be noted that there are two facts 
of geographic distribution which must t>e considered. The first is the limitation of the 
mining area to a certain definite part of Wisconsin, Iowa, and Illinois, and the second ia the 
distribution of the deposits in cmnps or districts within this r^on. The reason for the 
miijor distribution is by no means obvious, since the Galena formation, in which the deposits 
nuiinly occur, has a wide extent through the other parts of tbe States concerned. For 
many miles to the southeast equivalent beds extend in characteristic development, with 
apparently abundant opportunity for secondary concentration of such ores as may be 
present, but without any such concentration having taken place. In eastern Wisconsin 
the Galena formation again appears well developed and without orf , end In Missouri, even 
where the same horizon is developed within a lead-zinc region, it i: barren. If attention 
be directed to the underlying Plattcville, much the same state of affairs ia found. In the 
case of the Prairie du Chien It Is true that ore occurs in equivalent beds in the Ozark region 
and that there are small scattered occurrences of lead and zinc minerals In mu<^ of the area 
north of the Wisconsin River. Tlie fact, however, remains that outside the mining region 
this, as well as the Galena, is barren. 

To say that the distribution is conditioned by the absence of the drift only partially sat- 
isfies the conditions, since there are broad barren areas of lUl these formations quite as free 
from drift as are the productive areas. This leads to a consideration of the second impor- 
tant fact of ge<^aphlc distribution— the segregation of the deposits into definite districts 
and camps with barren areas between. This segregation, which waa early rec<^nised and 
which has become more and more defined as prospecting has gone forward, ia one of the 
nioet difficult facts for any thei>ry of genesis to explain. 



To satisfactorily explain these deposits, account must be token uf their abundance in the 
Galena, their sporse distribution in the Prairie du Chien, and their practical absence In the 
Niagara, all of which are, in the main, lithoji^cally similar rocks developed in the same 
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i¥giiiii. Thii diatribution of th« ores from the lop of the Galenn even up to the actual con- 
tiitt with the Maquoketa dowQ to the glass rock of the PlatteviJlo, their particular abundancv 
in tlie upper Plntteville and lower Galena, and their practical nbsence from the dolonut« 
quftrry bcda in the lower part of the Platteville also call for explanation. The presence 
of the oro deposits maiiily, at least, in the shallow basins or synclinea which charact«rize 
the area and (heir practical abiience elsewhere is probably also signiRcant. 



The distribution of the orea in crevices, openings, pitches, and Hats, particularly their 
relations to the latter unique form of ore bodv must be taken into account. The pitches 
and flatjj,sofar as observation and reading show, constitute a form of ore body almost pecul- 
iar to this district. Certainly nowhere else is it so well developed or so common as hen-. 

Tile association of the ores, their eenenil freedom from gungue minerals, the simplicity 
of the association and tlie absence of the complex arsenides, antimonides, and sutph arsenides 
which mark similar ores in the West, the practical absence of silver and the entire absenc;- 
of gold must all be taken into reckoning. The order of depoation, the relations of the sul- 
phides til each other in the ore bodies, in vertical order and in relation to underground water, 
all these are important and signilicant. An explanation, to be Batiafaclory, must offer a. 
rational cause for all. It is clear that the facts of distribution and occurrence may bn 
accounted for by factors relating to the primary origin of the ore;', or to their secondary 
reconcentration or to both together. It will be helpful, therefore, to consider, first, the 
original sounxi of the metal; second, the processes by which they have bren concentrated 
to form ores, and, third, tlie details of the prori'isses througli which they have been altered 
and reconcentral^, if it proves that there has been more than iine stage of concentration. 

ORUllXAL SOURCE OF THE METALS. 



Tliiit the ores were concentrated from the surrounding rocks is now so generally conceded 
that it is necessary only to mention the principal objections to any hypothesis which would 
derive them from lower horizons. No veins in this district are known to attain more than 
a limited depth, despite the fact thai mining has been carried on actively for nearly a hun- 
dred years. Tl»e veins worked have none of the usual characteristics of /lie "true fissure 
veins " of the West, slickenside and gouge being almost entirely ateent, the ore shoots hav- 
ing their major axis in a horizontal rather than a vertical direction and the association of 
l^e ore minends and gangue beii^; strikingly dllferent. It is believed lo l>e significant that 
in those ore deposits of tlie Mississippi Valley which may be assigned with some confidence 
to a deep-seated source — thone of southern Illinois and southwestern Aikanxas — the asso- 
ciation of minerals and the mode of occurrence are entirely different." 

It has Iwen shown that there is practically no faulting in the upper Mississippi region 
and tliat igneous rocks are entii-ely absent. Tlie re^on is iin exception to mineral dis- 
tricts in general in the very slight amount of dcfommtion which has taken place. It is 
true that, as a whole, it is within a warped area, and that the exact nature and cause of thin 
posl^Tertiary warping are_ as yet unexplained. This broad gentle deformation has no rela- 
tion to the ore deposits which has yet been made out, and it Ls far from certain that it is 
to be correlated even with the shallow local synclines in which the deposits actually occur. 

Aside from these negative objections, there are certain positive difficulties in the way of 
believing in a derivation of the ores from below. Their present position, as shown by the 
licld evidence, indicates clearly that they came from above. The presence of Htfllactites of 
ore and the general disposition of the ore bodies to flatten out in broad alieets on top of 
every impervious bed admits of no otiier explanation. This, it is true, proves nothing aa 
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Id the uriginii] ckrivatioo of the ores, since tbe lust atop in tbe process is ever the most evi- 
dent one, biit it muy certainly be queationed whether the ores could have come up from belov 
without aomewbere showing evidence of the fact. There tthould be at least a reasonable 
number of segre^tions <rf ore under, as well as above, impervious beds, particularly in tbe 
loBeHyiriB unoxidiied beds, where iat«r reconcentration has presumably been least effect- 
ive. Hie uccompiUDyiiig deflcriptions of the mines will, it ia believed, convince any one of 
the almost entire absence of auoh relations. 

The lower portion of the Platteville, the "quany beds," is a masaive dolomite, similar 
in all essentia] particulars to the Galena, It Is apparently well suited to contain ore bodies - 
and is well exposed to observation. It is almost entirely barren, and on any hypotheais 
oF derivation from below it ia difficult to usaign u cauae for the transfer of the solutions 
through thia favorable bed to higher horizons before deposition occurred. 

Another difficulty is found in the presence beneath the district of the great aquifers of the 
Cauibrian and the St. Peter sandstone. These porous beds are charged with artesian water, 
and it is difficult, if not impossible, to conreive any process by which heated on'-l)eariRg 
solutions could rise through them without becoming diffused. 

Tliese various difficulties never have been met by any of the advocati's of a deep-seated 
origin of tbe ores, and until they are met it is iineJess to appeal to any such hypothesis. 



For the original source of the zinc and lead we must doubt lei's look to tJio crystalline rocks 
irf the Lake Superior region. It is from this region that the lime, magnesia, and sand^iow 
found in the Formations of the zinc and lead region came. In Canadae and in northern 
Minnesota^ there an' scattered deposits of the ores of these metals in the older formations, 
which were exposed to enwion in Plattevill? and Galena times. During these epochs the 
rt^on was apparently base-leveled and the drainage from a wide area reached tiie bordering 
seas. Mechanical erosion was at a jiiinimum and solution was active. Magnesium, le,ad 
and zinc have many cheniical reactions in common, and it would sei'm inevitable that where 
oue of these metals was transported in (quantity from the land to the ocean, the others would 
follow, and that certain amounts wimld b; deposited. 



These entirely theoretical, thoiigh, it is bi^lieved, well-founded considerations, may be 
confirmed by a certain amount of direct evidence. It is veiy n)mmonly true tliat the 
Cambro-Ordovician dolomites and limestones of the MiRsissippi Valley show the sporadic 
occurrence of lead and zinc. To a leas extent the same thing is true of the other limestones 
and dolomites of the area. All of the piudm'tive deposits of the valley, except those In 
southwestern Missoiiric and in the southern Illinois districtsi^ arc in this scries of beds. 
These districts are believed to represent special cases. 

TTiis widespread occurrence of the ores can repreiwnt only an equally widespread distri- 
bution of the metals that enter into their couiposition. Many of the limestones and dolo- 
mites of the Mississippi Valley that lie far from any known body of mineial and ore quil« 
barren when examined by ordinary metliods of analysis show notable percentages of both 
lead and zinc when tested by the large quantitative methods used by Winslow and Robert- 
aoo.^ In (be following table the results of similar tests made by J. B. Weems on rocks 
occurring near Dubuque are given. While the percentage of the minerals is in no case 
lai^, the total amount by acre or square mile of the formation, assuming that the speci- 
mens represent average conditions, is sufficient to account for the largest leads in the region. 
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^ ae presence uf the metala in the rocks iti widely disseminated and minute quantities ia 
obviously susceptible of two interpretations. In nil mineral distriels, even those where the 
veins are most persistent and most sharply defined, the ore liaa a grftater or less tendency 
to spread imt from the veins proper and "impregnate the i«untry rock. In a rt^on much 
cut up by veins the euuntry ro<'k may become so thoroughly mineralized that it may itself 

It is clear that the action of ciix'ulating waters may tend either toward dissemination or 
toward concentration of a particular substance, and that the effects of this action will 
depend upon a number of factors, including the chemical character of the substance, of the 
solution,andof the country rock, and the rate, direction, constancy, and duration of flow, and 
the temperature and pressure uf the circulating; solution. A set of conditions under which 
ore occurring in definite veins might l>ecome thorouf;hly disseminated is so possible that 
doubtless much ore, even in the region under discussion, has been so distributed. It ia 
not, however, believed that (his is true of the bulk of the ore bodies. In order to make 
such B conclusion valid it would be iieces.>(ary, Hrst, to demonstrate that the vein flitings 
were themselves uf deep-aealed origin and were not due to lateral segregation, since the 
process of concentration is as common and easy of occurrence as that of dissemination. 
If it be definitely proved that the vein deposits of this or any other ore district had their 
origin in deep-seated causes, then the probability ia that any disseminated ore has been 
carried out from them, and in such a case it would be expected thai the quantity of ore so 
found would regularly decrease with increase of distance from the vein. In any other case 
the burden of the pnoof ia upon those who hold the widely disseminated and minute quan- 
tities of the metals to be wholly secondary. Against such a view there are certain objec- 
tions which may lie justly urged. 



It is a well-established fact that minute quantities of all the conmion metals occur in sea 
water. A few years ago J. R. Donna investigated this question afresh and confirmed the 
earlier findings. If the metals occur in minute quantities in the aeA it ia difficult to under- 
stand why they should not be supposed to occur in minute quantities in sedimentary rocks 
which are formed in the sea. If calcium and magnesium, which occur in lai^r though 
still small quantities in ordinary sea water, can be deposited either by chemical or other 
agencies, why not lead, zinc, and iron? The mere statement of the case is sufficient to 
show the inherent probability of its occurrence. Again, in some of the analyses quoted and 
in others given by Winslow and Robertson,'' the metals are found in roclo miles from atiy 
known or probable vein deposit. In ordinary field work nothing is more common than to 
find small quantities of metallic sulphides in undisturbed rocks, wholly outside known 
mineral regions. Such an instance is the occurrence of blende and of millerite, as reported 
by Seyesc at Keokuk, and of blende in the limestone of Van Buren County, Iowa, and 
elsewhere. Blende occasionally occurs in the septarian nodules of the Coal Measures; and 
iron sulphide is one of the most widely distributed of minerals. To assume that all of these 
occurrences are due to a wandering of ore from some vein deposit requires better proof 
than has yet been given. It may be impossible to prove that the metallic sulphidea are 
ahsolutely original rock constituents, except where they form the basic constituents oi 
pyrogenetic rocks, yet something must be allowed to probability, and up to the present it 
would seem that the evidence may justly be interpreted to mean that, except when found 
ID definite aasociation with veins of known or probable deep-seated genesis, disseminated 
metals are probably original. So tar, therefore, as this evidence goes it would seem to 
warrant belief in the widespread distribution in the common sedimentaty pocka <A those 
metals which characterize ore deposits found in such rocks — iron, lead, zinc, and, to a less 
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It haa been common to assume that zin<^ and Irad, so far as tbey are disseminated througjl 
the sedimeiHaiy rocits, exist largely aa sulphides, thougli Wlnslow apecifically disclBims 
any knowledge on this point. a The aaaumplioo is apparently based upon the facts that 
the most minuC« quantities with whieh we are familiar in the unoxidlzed rocks occur as 
sulphides, and that the conditions of precipitation along the sea bottom very largely favor 
the throwing down of the metals in this form. Whether the metals be brought to the oc«an 
■3 sulphates, in which form they are particularly soluble, or as carbonaWa, elilortdes, or in 
other combinations, the decaying organic matter present in the sea bottom of certain areas 
would seem likely to transform them to sulphides. It is known that some forms of marine 
life contain zinc and lead in their tissues, but in the main it is probable that these metals 
are pt«cipitated directly by the ordinary chemical reactions involved in reduction and 
sulphuri nation. This would require that at any given point the sea water should be satu- 
rated, for those particular conditions, with the metal to be thrown down, and that it ahould 
remain saturated until the particle precipitated was sealed up in the rock. 

While there are some reasons for believing that the composition of sea water differa 
notably in various portions of the ocean, even when there are no land barriers, we have no 
evidence that sea water over a wide area has ever become a^-luallj saturated, as that lemi 
is commonly understood, with the metals concerned. . Such concentration haa been calcu- 
lated by Fuchs and De Launay to require the evaporation of 49,000 kilometers of sea water 
per square meter of surface in order to produce a layer of zinc sulphide 1 centimeter 
thick. 

It is a common statement that the sea is not even saturated with either calcium or mag- 
nesium, both of which are much more abundantly present in it than the metals under dts- 
cussion, and both of which are commonly deposited from it by some process or combinatioD 
of processes. According to the laws of phj'sical chemistty the sea, until saturated, should 
be capable of taking the various elements into solution when in contact with them, rather 
than throwing them out. It is, however, a fact of observation that broken masses of coral , 
originally secreted from sea water, are cemented together by caiciucn and magnesium car- 
bonate. This would seem to show that the conditions of saturation of sea water are not 
well understood, and that much less material need be present to permit precipitation than 
ordinarily is thought. Certainly uny process which tends locally to increase the amount of 
material or to decrease the amount of water present would be favorable to precipitation. 
Such locally acting agencies might, in conjunction with other processes, lead to the depoai- 
tion of material which would have i-emained in etolution had either lieen operating alone. 



Whether the material was widely and evenly diffused or somewhat locally and unevenly 
gathered in certain areas of rock seems incapable of direct delemiination by means >jf the 
data available. Sedimentary processes, taken as a whole, seem well adapted to bring about 
the segregation of similar material. The silica, calcium, and magnesium widely distributed 
through rocks are brought together and form sandstone, liniestone, and dolomite. Sedi- 
mentarj' rocks in general are much simpler in composition than igneous rocks; that is, the 
bulk of a sedimentary rock is usually made up of fewer constituents than the hulk of an igne- 
ous rock. If, therefore, the sedimentaries be derived from the igneous the process must be 
one of sorting and segregation. There is independent evidence of this in the case even of 
one of the heavy metals. The Clinton iron orea of the eastern United States seem to have 
resulted directly from sedimentary processes. The iron widely scattered tbroug4> the rocks 
tributary to the Clinton seas was, through erosion and deposition, concentrated even to the 
extent of forming workable ore bodies. The black-band ores of the Carboniferous alTord 
another illustration, and even the lean,chertj iron carbonates from which the Lake Supe- 
rior iron otes were concentrated themselves represent concentrations brought about in the 
process of sedimentation. 



)i. Survej, vol. 7, i8M, p. *83. 
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It would seem, therefore, that in those rases viw^ diir^t proat is tiT«i]tible sediiucntalkm 
lends toward the conceattstion of paHicular niinenk in localk favorable u«as. 

In the preaent c>s» it is enlirFlj possible that there niar have beea such an oripnal 
unequal distributiiHi of metallic nuDerala, notwithstanding the fael that this has not been 
made evident by the analyses so far made. Xo veiy certain plan of samphng and analysis 
has yet been formulated for testing this matter. If the lords of the pres«ll ole bodies be 
that of rock originally richer in the metals, the coftcenlnition which produced the oie liudiea 
should have impoTerished the country rorh. Since, Turther, it is highly improbable that 
coosider&Ue amounts of the metals should hare been pr«ripita(rd In favorable areas wilh- 
DUt at least some having been ;»ecipitated in less favorable ones, it would seem that at pres- 
ent the originally rich but now lean ore near the deposits might either equal, surpass, or fail 
to equal in metalUc content the originally leaner ore between. It is furthermore so difficult 
to eliminate entirely the possibility of auy secondaiy concentration that the exact condition 
of the rock sampled is not always certain. The best which may be lioped for is to determine 
whether any arnas offered conditions that might be thought particularly to favor such 
precipitation. 

Attention has already been called to Iho fact that the Galena formation, in whirli moat of 
the ores occur, is a dolomite, and the conditions under which it was formed have been dis- 
cussed. It is behcved that these conditions — shallow sea water, warm and probably some- 
what concentrated by evaporation — were favorable to the precipitation of the tine and lead, 
as they undoubtedly were to the precipitation of magnesia. 

These general conditions were, however, operative, so far m can be detennined, in south- 
eastern as well aaaouthwealem Wisconsin, and, in fact, at various times and in many places 
in the Mississippi Valley. The conditions must therefore be thought of as widely acting 
and as contributory to the hnal result rather than as determinative, and it remains to 
inquire, whether field evidence affords any clue to a local agency which might have affected 
the original distribution of the metals. The inherent probability of such agencies has been 
already suggested. 

LOCALIZATION OF THE ORE DEPOSITS. 

ouoiHAL nEauAUTiEa OS JtsrimmoTH. 

The present ore bodies are Vwlieved to have been formed mainly by the reduction of sul- 
phates to sulphides as a result of the mingling of solutions and reactions between ore-bearing 
solutions and organic matter in the country rocks. To a subordinate degree the sulphuriza- 
tion of carbonates has probably taken place. It seems altogether likely that the original pre- 
cipitation of the materials from the sea water occurred through the same reactions. If this 
be true, any onginal localization of material may have been due to — 

(a) Local abundance of the metals in solution. 

(b) Local abundance of the organic reducing matter. 

(c) Locally peculiar oi^nic matter, leading to particular efficiency in producing dopo- 

Load abundance itfihe mrlah in golvlion. — Since lead and zinc are doubtless unequally dis- 
tributed in the crystalline rocks to the north, it is entirely possible that drainage reaching 
the Ordovicinn seas might have brought more of the metals in solution to certain portions 
of the coast than to others. The compo^tion of river water varies greatly ,» and it is 
entirely possible that one or two stre^ims tributary to the sea in the present mining region 
brought down unusual amounts of lead and zinc. This hypotheiue 19 wholly unverillable 
from present data. Hie only direct evidence favoring it is the fact that the structural 
low occur are suggestive b shape of embayments at the mouths 
;r valleys. The presence within them and not generally elsewhere 
at considerable amounts of mechanical sediment deposited during a general period of base 
isveling is, furthermore, suggestive of neamesa to rivers. These rivers, becauae of their 



jury, Qeology, vol. 1, IflW, table opposite p. II 
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loDg, liaear course:!, would show, in the bringing in of lOMihanical sediment, the effect of 
uplift at any point iu e, wide area. 

It may therefore be noted that such slight eyidence as is available confirms rather than 
opposes the notion that there were originally rich and lean patches of rock. 

Local abundance of organic maUer. — It is to the local occurrence of organic deposits that 
Whitney and Chamberlin h»ve appealed for an explanation of the localization of the ores. 
Whitney evidently had in mind the organic matter due to the decay of animals such as form 
the ordinary fossils found in the rocks, thoi^h the agency of long branching sea weeds was 
also called into requisition,'' The notion that abundant animal life first appeared about 
the time those deposits were fomied, causing the precipitation of metals from a "primeval 
ocean," was long ago proved to be incorrect. It is furthermore a fact that the ore deposits 
within the district do not show that close relation lo the more fossiliferous rock which the 
theory would seem to demand. It is also true that, so far as these forms of life are con- 
cerned, the Galena and other formations of this region seem equally fossiliferous entirely 
outside the ore-bearing area. 

Chamberlin appealed to local abundance of fos.-iila of the ordinary type, of seaweeds, and 
of fucoids.ti He mapped the sea currents of the Ordovician in such a way as U> show the 
possibility of the formation of a sargasso sea in the n^ion, but did not deem the latter essen- 
tial. c His most important suggestion was that the irregularities of the sea botUini would 
c matter in the basins. These depressions were judged 

mor« faTorable to theLiteandgrowthofavoragt marine apwiee than the more exposed elevations of the 
■ea bottom. But, however that ma; be, it is altogether ceruin that the movable remains of dead 
organisrae would l>e mainly aceumulat*d in the depreseiona, and that all floating material would find 

centrated the organic matter to whose agency the removal of metaililerous solutions from the ocean is to 
be attributed.'! 

The importance of this observation arises from the fact that thes? original basins became 
later the locus of deformation and are the present "synclines" within which the ores are 
found. That this is a true cause can hardly be doubted, hut it by no means follows that 
there were not other causes, contributory if not actually coordinate in importance. 

Local abujidatux ofpeadiar organic matter ofpartiadar efficiency in producing deposition. — 
"Organic matter" is a loose general term covering a very large variety of compounds. 
These have markedly different efficiencies in the reduction of sulphates to sulphides and in 
other reactions. Jenneye has devoted particular study to this matter and has calculated 
what he calls the relative reducing power or duly of equal weights of a considerable number 
of organic and inorganic compounds. In his table hydrogen oxidized to water is taken as a 
standard and to this is given a value of 100. 

A few of the more important values are given below: 

Rdative reducirtg power ofranotm elements and compounds. 

Hydrogen, oildlied to HiO lOO.OO 

Marsh gas (CII,),oiidlied to HiCOH-HiO 50.00 

Petroloum (CoHio+i) 43,3a 

Carbon, oildiaedloCOi 33.3.1 

Tb6"humuaacida'' (CmH.Op) 18.04 

Carbon, oiidlied to CO 18.67 

Sulphurated bydrogen(HiS),oridlied to n^O. 23.63 

Pyrile and man:aait« (FeSi), oxldizeillo FeiOiSHiO and S to SO i 12.50 

Blende (ZnS), oiidiied to ZSO, 8.25 

Carbon monoxide (CO), oxIdiiedtoCOj 7.14 

Galena (PbSj.oiidlMd to PbSO. 3.35 

aGeolog; ot Illinois, vol, 1, ie«e, p. I9». 

b Geology ot Wisconsin, vol. 4, l§S2, p. 536. 

cOp. cit., p. 633. 

dOp, clt.,p, 537. 

( Jennfl;,W, P,, The ebemielry of ore deposition; Trans. Am. Inst. Uln.Eng., vol. 33, 1902, pp. 445-498. 
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It IS evideDt from tbia table that it is ve[T material in what form the oi^janic matter is 
present. The rat« of decomposition is also important. If veiy sloir, the amount of mate- 
rial available at »Jij one time may be so sniali aa to produce no appreciable effect. If very 
r«at, the whole of the malirial may be given off aa a gaa or light oil, precipitatiog only the 
small amount of metal present at one time in the sea. If neither too fast nor too slow, the 
escaping gases and oils may rise through the sea and even through a considerable thickness 
of sediment, continuing indelinib'ly to precipitate such suitable metallic solutions as come 
within their sphere of contact. 

In the scatl^retl irregular bodies of oil rock we have an i^ncy eminently suited to this 
r61e. Chaniberlin mentioned the carbonaceous shale " in the lower part of the Galena and 
upper part of the Tronlon "n as one of the precipitating agents. It remained, however, for 
Blake to rect^nize the preeminent importance of this material. So impressed was he with 
its petroliferous character that he sugge.stj'd the possibility of submarine exhalations of 
petroleum to account for its richness, or of submarine tresh-wat*r outflows lo kill suddenly 
large numbers of animals, and so givi' rise to Che excess of organic matter. Neither of these 
ingenious hypotheses proves to be necessary, since David White's microscopic investiga- 
tions show the oil rock to he made of minute, probably unicellular algie. These are not only 
organic, but had, seemingly, the power to collect hydrocarbons from the water and store 
them in their cells. Upon decomposition these hydrocarbons would be given off both as a 
gas and as oil. This material even now is capable of giving off 57 volumes of gas. as shoirn 
by Mr. RoUin Chamberlin's test, and the analysis of the gas indicates that it consists largely 
of hydrogen, marsh gas (CH,), and light hydrocarbons of the sort which have a high 
reducing power. 

It already has been shown that the oil rock, bo far as it occurs in any thickness at all, has 
a very patchy distribution. It is practieallv eonflued to the structural basins in which the 
ore deposits occur, and is at bast gi neraity aliscnt from the barren areas b:?tween. Whether 
it occurs in the surrounding region is not certain. It is present at Freeport, II!., but beyond 
that nothing is known of its distribution. For present purposes it is sufficient to not« that 
within the zinc and lead region it has an irregular distribution, coinciding with the irregular 
distribution of the ores, and that it is material eminently suitable to rcduc? and precipitate 
sulphides of the nietaU aa well as furnish sulphur to uni(j> with their carbonates. 

At the writer's request, Mr. F. F. Grout has kindly tested the reducing power of oil rock 
from the Dugdaie prospect with the following results: 
To ooe-Iourth gram at ^r-dried oil roclt and 100 cubic centimeters ol water was added .OOj n""" 0' 
Q9 [ItSO., and B. gimilar portion was rendrrrd 

alkaline .0012 BTftm. 

If even now this material bus sucb a prompt reducing action it may well be supposed that 
when first formed this action was much more important. 

That the oil rock has Kuffered loss of a large amount of its volatile matter is indicated by 
phenomena already discussed. The small intcrbanded layers of limestone have been broken 
and brecciatcd and in places the oil rock becomes almost a breccia in appearance, with sllck- 
ensided surfaces indicating movement of the particles against one another. Individual 
pieces of oil rock are bent and recurved, and the softer material has been squeezed in and 
around the harder fragments. The whole mass is ordinarily finely laminated, like a shale or 
slat«, and has every indication of having yielded to the vertical pressure of the overlying beds. 
In microscopic sectioEis normal to the bedding the algie appear in cross section as flat, closely 
compressed disks, whereas they were no doubt originally spherical in form. 

The amount of decrease in bulk which the rock has suffered can not be determined abso- 
lutely. If it be assumed that the loss has been as great aa that which has occurred in the 
formation of ordinary bituminous coal, a settling of 2 to 14 feet of the overlying beds might 



a Geology of WiecoUBiD, vol. i, 1882, p. 636. 
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have occurred. This la more tbttii enough ki account for the flata which are found vertically 
over the oil-rock patchea, aiid auoh settling would very likely produce the peculiar pitching 
crevices that encircle these flate and lead down to the oil mck. The Sl^ between these 
pitches is, on this theory, in part the expression of preexisting inequalities in the bottom and 
in part the unequal settling due to difference tn thickness of the oil-rock layer. It is to be 
remembered that the material ordinarily occurs in several beds rather than in one and is 
commonly thicker near the center of the sag than at its edges. 

lo theae irregular patches of oil rock we have, then, (1) a locally abundant supply of suit- 
able reducing matter distributed concordantly with the ore deposits; (2) a mal«rial pecul- 
iarly suitable to. the reduction of sulphates and the sulphurization of carbonates; (3) a sup- 
ply which was not only abundant when the beds were laid down but which is even yet highly 
efficient; (4) a material which is both qualitatively and quantitatively adequate to account 
for the most puzzling structural features of the deposits. These facts would seem to warrant 
the conclusion that tlie original distribution of the metals in the Platteville and Galena was 
irr^ular and that the present ore deposits are found within areas which were originally 
richer. 

BECONDART INEailALITIBB DDE TO PKOCEBSES OF COirOEXTKATTOlI. 

However great may have been the original inequalities in the distribution of the metals in 
the rock secondary processes have been of hrst importance in producing the present ore 
bodies. The amount of metal originally present in the most favored localities is quite uncer- 
tain. It may have been lat^e, but most probably was small, Certiunly there has been very 
marked concentration, and even reconcentration, within recent times. Before considering 
the question of just how much concentration has occurred it will be well to review the proc- 
ess in general and the chemical reactions involved. 



The siilphaie cydf-.—The sulphides of sine, lead, and iron readily alter to sulphates, in 
which form they are soluble in ordinary ground water. Sulphates of zinc and iron are com- 
mon in the region and sulphate of lead is reported. In this form, then, the disseminated 
miltt«r if it be in sulphide form, may be transported' from the areas in which oxidation 
occurs to those in which reduction is dominant. Precipitation of the sulphides from sul- 
phate solutions may be brought about at ordinary temperatures by various organic com- 
pounds bj other sulphides, by hydr<^n sulphide, or by calcium carbonate. 

It has already been shown that the oil rock is now capable of giving off marsh gas, acety- 
lene, hydrogen sulphide, and various other carbon compounds. It has further been shown 
that the sulphur in the rock is, at least in part, indigenous and not due to intermixed par- 
ticles of pyrite. 

These various substances would react upon the sulphates, among other ways, as follows, 
only the reactions (or lead being written : 

(1) PbS0^+HjS=PbS+H2S0,. 

In the presence of limestone the sulphuric acid would promptly react with the wall rock 
to produce gypsum according to the reaction 

HjSO,+CaCOj+2Hp=CaSO^-|3Hp+COi. 

(2) CH^+PbSO.=PbS+HjO+HjC03, 

CH.+PbSO.=PbS f2HJ0^-C0^. 

A large number of other reactions are possible between the sulphates and the material 
from the oil rock, but in each case the end products include the sulphides and carbon dioxide. 
The former are the main constituents of the ore bodies. The latter is the most important 
element m increasing the solvent power of underground water toward the wall rock. 
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The retictiona of the sulphides on each other may be written as follows: 

(1) PbSO^+ZnS^PbS+ZnSO,. 
(2) ZnSOj-HFeS,+0,=ZiiS+FeSO<+SO,. 

According to these reactions lead sulphate will be reduced by zinc sulphide and zinc sul- 
phate by iron sulphide. Since the latter is left in the form of a inilp)iat« with SO^ as a 
by-product, it is erideot that further reactions between these materials and the organic 
matter and wall rock will occur. In the end there ia a formation of sulphides and of CO,, as 
in the other series of reactions, so that the transfer of the oxygen from one sulphate to the 
other may be regarded as a minor phase of the main cycle. If the relative reducing power 
of the various materials concerned be kept in mind, it will be evident that the carbon com- 
pounds will promptly rob the sulphate of its oxygen. For this reason it is not believed that 
sulphates are transported far through rocks charged with organic compounds. Where they 
travel long distances, they must pass through rocks from which the available carbon has 
already been extracted or through beds, such as sandstone, that are practically free from it. 

Aa an example of the perfection of this protective action the specimen illustrated in fig. 13 
and described on page 58 may be cited. In this the galena has been precipitated and is 
replacing the dolomite. The latter is very li^t colored and was carefully tested by Mr. 
Grout, who found that the combined water and carbonaceous matter in it together amounted 
to onlyO.14 percent. If it be assumed that this is the most active carbon compound, it is, 
nevertheless, evident that a very small amount is ainpls to produce precipitation of the 
galena. 

So far, therefore, as the metals were transported as sulphates, they can not be assumed 
to have traveled far through the ordinary country rock of the district. 

The sulphide cyde. — While sulphides are probably largely altered to sulphates prior to 
transportation, this alteration is not indispensable. Sulphides, as such, may, under proper 
winditfons, be dissolved, transported, and precipitated. Van Ilisen has summarized exist- 
ing information regarding this process. It appears from the work of C. Doelter that measur- 
able quantities of pyrite, galena, sphalerite, and other sulphides are soluble in pure water. 
The canditions*under which in nature they go into solution and are precipitated out of solu- 
tion are not understood and demand further study. 

Becker has especially studied the solubility of the various sulphides inthe presence of alka- 
line sulphides and carbonates.^ He iinds that the sulphides of iron, zinc, antimony, copper, 
and some other metals arc readily soluble in both alkaline sulphides and in natural waters 
cont^ning alkaline carbonates and hydrogen sulphide. They may be transported in such 
solutions and precipiteted by mere dilution , by decreasing heat or pressure, or by any reaction 
that would destroy the solvent. The alkalies are widely distributed in small quantity in the 
rocks of the sine and lead region. A possible source for the hydrogen sulphide has already 
been indicated and ample means of precipitation would be present wherever alkaline waters 
of long course undei^rouud met in crevices the short-course, oxidizing, and generally acid 
waters. So far the cycle seems well suited to explain the concentration that has taken 
place. There is, however, one difficulty. Becker found that galena was, so far. as his tests 
went, entirely insoluble in solutions of sodic sulphide or of sodic sulphydrate, or in solutions 
of sodic carbonate partially saturated with hydrogen sulphide. 

Since galena forms an essentia! and widespread constituent of these ores, it is difficult 
to conceive a process which would concentrate only the blende and pyrite and leave the 
galena untouched. So far, then, as concentration through the sulphide cycle is concerned, 
there Is only the solubility of material in water to depend on, and no means have yet been 
devised for determining how important or unimportant this has been in this region. 

The carhotmie c^/de. — Lead, zinc, and iron readily form carbonates which are soluble in 
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underground waters. Probably the process consists of first oxidizing the sulphides to sul- 
phates and then reacting with the natl rock as holoir: 

PbSO,+C«C03+2H/)=PbC03+CaSO(2Hp. 

ZnSO(+CftOO,+2H^=ZnCOa+CaSO,2H50. 

The Sequent presffDce of lead carbonate and the abundance of zinc carbonaUi in the upper 
portion of the ore bodies show that these reactions have commonly taken place. The occa- 
sional presence of crystals of gypsum or selenite is an interesting confirmation. The car- 
bonates are so soluble that in the main they are carried down to contact nith sulphides or 
hydrogen sulphide where reactions similar to the following occur: 
PbC03+ZnS= PbS+ZnCOj, 
ZnOOj+-FeS5+-02=ZnS+FeC03+SOj. 
ZnCOj+II,S=ZnS+HiO+COi. 

Sulphides fonned in this way, it sufficient oiygen be present, will be changed to sulphates 
with eventtial reduction and Che usual formation of the end products — sulphides and carbon 
dioxides. The carbonate cycle is therefore closely related to the sulphate cycle. It results 
in the same end products, and the ores go into and are thrown out of solution under much 
the same conditions. 

Minor cyrfes.— Chamberlin has ealied attention a to the possible effect of various other 
reagents, including particularly humic and other organic acids. These have been but little 
investigated in this connection; but here is an open, interesting, and possibly fruitful field. 
So far as present observations go, however, the organic matter present in the rocks seems to 
have operated alk^thcr as a reducing agent. Above the level of tlie ground water decay- 
ing vq?etablc matter may have aided in bringing the metals into the condition of carbonates 
by the formation of the humus acids, but even this is uncertain. At tlie oil-rock horizon 
it would require the presence of oxygen to form the oceanic acids which might take the 
material into solution. This in itself limits the zone within which the action probably 
took place. Furthermore, metallic salts of these organic acids would probcbly be almost 
immediately decomposed by the limestone and iu the end there would Aie the famihar 
precipitation of metallic sulphides and carbon dioxide, ' 

A study, then, of the possible methods of solution and transportation of the material 
leads to the conclusion that the major concentration, at least, has been effected by waters 
having a local circulation only. An effective wide-reaching circulation is not impossible, so 
far as the chemical reactions involved are concerned, but, on the whole, would seem improb- 
able. This would confirm the conclusion drawn from the study of conditions of sedimen- 
tation — that in the main the ores were derived from limited areas within which the rock 
wasoriginally richer in metals than elsewhere. 

GEMEKAL PKOOEEBES OF OONOENTRATIOH. 

There are two elements in the underground circulation which must be taken into account 
in explaining the concentration of the ores. The first is the water whiiji makes its way to the 
crevices by long and devious courses. The second is that which flows into, them after a 
short course through rock mainly above ground-water level. The former is believed (o 
afford the reducing clement to the reaction. The latter is oxidizing or carries oxidized 
-lalts. The two mingle in the crevices and produce the ore bodies by precipitation. 

In many of the mines it may he observed that while the sulphides in the pitehes and 
crevices are fresh and untarnished the wall rock back of them has been considerablj' oni- 
dized. In fact, it is common to find the first effects of oxidation along the thin band of mar- 
casitc which separates the ore from the wall rock. 

TTiese facts seem to indicate that the level of oxidation is slightly lower in the country 
rock than in the cavities, and that the latter are filled quite up to the water table with 

o CJeology ol Wisconsin, vol. i, 1882, pp. biO-aii. 

Digilized by Google 



GENESIS OF THE ORES. 139 

waters that are reducing in character, l^e source of the reducing matter is undoubtedly 
the lower-lying oil rock and the unleached dolomite and limeBtonp bplow wattr level. 
Accordin^y, the waters within the crevicea are, on the whole, slightly ascending and 
strongly reducing in character. The cause of their ascending course will be understood 
when it ia remembered that the deposits occur in synclincs or basins. These ax 1 to 3 
miles wide and as much as 9 miles long, Tbeir depth is sufficient to give considerable arte- 
sian head where, as in the Ida-Blende, Gruno, and other mines, the glas^ rock and clay bed 
form an impervious stratum. One element in the underground citx'ulation is therefore 
water which falls at various points on the sides of the basin, descends through the pores and 
minor crevices to the oil rock horizon or other impervious bod, flows laterally to a crevice, 
and ascends to the level of outflow. This water is, in the crevices, reducing in character 
because of ita long contact with oc^nic matter — that in the oil rock especially. If it («n- 
tributes any ore to the deposits the material must be transported in the form of sulphides 
or salts of o'ganic aHds, 

The second element is that portion of the water which, after passing through the rock 
above tlie water table, travels laterally along it and into the crevices from above or from 
the side in the upper portion of the openings. It is this current which is believed to have 
brought in the main burden of ore. 

If an area of unaltered dolomite, containing sulphides of zinc, iron, and lead, and an 
excess of organic matter, be exposed to the action of descending waters by depression of the 
water level, oxidation begins at the upper surface and progresses downward. It does not, 
however, operate equally on all the constituents of the rock, but lirst attacks and removes 
the organic matter. Until this be done the various sulphides are effectually protected. 
After a period of time, therefore, there will be, above, a zone in which the sulphides are 
present without any organic matter. Next the iron sulphide goes into solution, and so 
there is formed a shallower belt, from which it has been removed, leaving only the galena 
and blende. At still a later stage a belt is developed free even from blende, though still 
showing galena. At this time there would then be from the surface downward — 

(n) A belt containing galena only, 

(_h) A belt containing galena and blende, 

(c) A belt containing galena, blende, and marcasitc, 

{d) A belt containing the sulphides and an excess of organic matter. 

Waters passing laterally out of belt d inki a crevice would carry mainly CO,, which would 
lead to the enlaigement of the crevice. From belt c would come waters carrying iron sul- 
phate, whidi would deposit iron sulphide upon the walls of the crevice as far as the water 
was able to make headway downward. From 6 would come waters mainly carrying zinc 
sulphate, but with minor amounts of lead and iron sulphate. These would form sulphides 
in crusts on lopof the marcasite, Finally,from awould comewaters bearing lead sulphate 
and eventually lead carbonate, which would deposit their load as galena coating the other 
material. 

Accordii^ to this conception the waters which leach the rock above the water table pour 
into the upper portion of tlio crevices and make such headway as they can downward against 
the reducing waters. In areas where there is a rough topography and erosion has cut deep 
they may maks their way well down to the oil rock. In general, this fonns an impervious 
bed, limiting the circulation below. The actual mjngling of the waters takes place through 
a vertical range of 100 or more feet, if one may judge by the extent of the deposits below 
water level. Allowing for difference in head in different crevici's, there is no inherent diffi- 
culty in supposing the mingling to extend through even a greater vertical range, but on this 
point there is little positive data. 

Van Hise has argued for a somewhat different circulation. According to his conception 
there was an earlier or first concentration of the ores produced by a wide-reaching artesian 
circulation, followed by a second concentration, substantially as outlined above. 

Before the Lancaster peneplain wai developed the zinc tiid lead region was covered by 
the Maquokcta shf.le. To the northeast the Platte ville and Galena formations were exposed^ 



..Google 



140 ZINC AND LEAD IN UPPER MISSISSIPPI VAI LEY. 

and rain water tailing on them doubtless traveled downward along their dip, accumulating 
artesian pressure, as wal*r now does in the deeper lying Cambrian. If at any time prior to 
the complete removal of the ahale erosion cut through it at some point in the southwest, 
opportunity would have been afforded for the rise and escape of the water. At present 
Platt^!, Grant, and Mississippi rivers cut down into the St. Peter in areas where the Maquo- 
keta remiuna in patches on the peneplain. If it could be assumed that these streams had 
in the post been equally in advance of general degradation of the surface, it is clear that 
their channels would have afforded conditions for the escape of artesian waters. At such 
places the sails carried in solution would doubtless have been largely deposited, and as the 
points of outlet would have been few aa compared with the points of inlet in such a circula- 
tion , the average result would have been a concentration of the material in a few favored 
localities. This ingenious explanation would satisfy the requirements of the case as regards 
the localization of the deposits in a way not otherwise posaible on the basis of differences in 
the conditions of concentration. There are, however, difficulties in the way of accepting 
this explanation. 

The difficulties arising from the form in which the material is presumed to have been 
mainly taken into solution and transported have already been discussed. It has also been 
indicated that the field evidence shows the immediate formation of the deposits to have 
been by descending waters, and while this is far from conclusive, it is thought that there 
should be some cases, at least, of deposition under rather than over impervious beds if deep 
ascending currents furnished the material. The few exceptions known are all clearly cases 
wheTe oxidizing waters are pre.sent in abundance, and these could hardly have made a long 
traverse through the rocks. 

It is difficult to miike sure as to where the slialc was first cut through in the southwest. 
The winding course of the Fever and other rivers is interpreted as meaning that they are 
superimposed streams. This should mean that their present courses are inherited from an 
older cycle of erosion. The Mississippi at and above Ihibuque has a broad, very shallow 
basin, in the bottom of which is the present gorge. This is deep enough to cut away the 
shale where it would otherwise be present, as is shown on the map of the Lancaster quad- 
rangle. So far the general conditions would seem to have been favorable to such condi- 
tions as Van Ilise has suggested. When, however, they are examined in detail the results 
are less satisfactory. If the present streams bp taken as a test each would have cut through 
the shale first in the anticlinal areas. It is in such places that they now cut deepest into 
the formation's, and there is no known reason why the same should not have been true when 
the shale was first cut through. It has already been indicated that the anticlinal areas are 
exceptionally barren. It would accordingly be necessary to suppose that the material 
first concentrated in their vicinity by the artesian circulation was later removed to the 
adjai^ent synclinal or basin areas by local circulation. On the whole this seems improbable 
and, in view of the other difficulties already mentioned, the writer would hold that the 
wide-reaching artesian circulation probably had little, if any, effect in producing the ore 
bodies of the area. This, it may be frankly confessed, is a return to earlier views and a 
reversal of an opinion held in 1902" when, laigely on the basis of anali^y with the Joplin 
deposits, Van Rise's opinion of those of the upper Mississippi Valley was adopted. Though 
this interpretation of the Joplin deposits has since been questioned,'' it is believed that the 
^discrepancies are entirely explainable!^ and that the hypothesis of an early concentration 
through the action of wide-reaching artesian cireulation is good for that area. It is possible 
that further advances in knowledge of the chemistry of the process may minimize the diffi- 
culties in the way of applying it to the mines of Wisconsin and that, in the end, the broader 
circulation may prove to have had a greater influence than is now thought possible, Tbn 

a Van nise, C. R., and BoJn, H. F,. Lead and zinc deposits of the MiaslBsippl Valley, excerpt from 
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recognition, however, w.thin the area of other and adequate causes of the peculiar localisa- 
tion of the deposit undoubtedly removes the main objection to the alternative hypothesis of 
coQcentration by local circulations. 

ALTERATION OP THE ORES. 

That the ores originally consiatod of sulphides is aovr generally conceded. That these 
sulphides were somewhat intimately int^^rmingied is probably, but not necessarily, true. 
At present there are, however, four well-defined types of ores described as — (1) galena 
ores, (2) zinc carbonate ores, (3} ainc sulphide ores, (4) iron sulphide or sulphur ores. These 
occur commonly in a corresponding vertical order, the galena ores being at the top. To a 
large extent this is believed to be a result of alteration and reconcentration of the first 
formed ore bodies, in which it is thought that there was less separation of the sulphides. 

The galena ore is found above water level under conditions of great oxidation. The 
zinc carbonate ore, including some galena above and some blende below, is found about at 
tlic level of underground water, TTie carbonate is clearly a product of alteration from 
blende according to reactions already given. Blende is dominant at lower levels except in 
certain places where marcaaite is more abundant or where a crossing crevice disturbed the 
equilibrium by causing an unusual precipitation of galena. 

The general nature of the process by which this orderly vertical arrangement of the ores 
has been brought about has been already indicated. It has been discussed in especial 
detail by Van Hise.o There are reasons for thinking that this vertical order may, in places, 
have been original; that the upper Galena may have contained much more lead sulphide 
than the lower Galena and leas blende. Certain of the mines — the Skene at Elizabeth, for 
example — showed, when examined, lai^ deposits of galena without any direct evidence 
that blende had been formerly present. In other places drilling under old and rich lead 
diggings has failed to show the blende deposits which should theoretically occur It is 
possible that the galena is in these places in a secondary position and had been transported 
some' distance before deposition. The extreme practical importance of the matter warrants 
the consideration of any suggestion, however vague, of another origin. 

If the theory outlined on pages 133-136 be correct — that the zinc and lead «ere originally 
deposited in the Ordovician seas in locally rich areaa because of the buried masses of remains 
of algie — it is necessary to believe that these masses effected precipitation from the sea 
water even after burial under 250 feet of dolomite. This follows from the fact that even the 
uppermost beds of the galena yield ore bodies where conditions are favorable for concen- 
tration. The solid carbon in the buried material could not do this, but it does not seem 
beyond the powers of volatile hydrocarbons, either liquid or gaseous, such as are even yet 
present. These would rise to the surface by the most direct route through such cracks and 
pores as were available. As the cover increased in thickness and cementation became 
more perfect the amount of such material reaching the surface would grow less and less. 
That it did not all escape is made clear by the facts of the field. Under these conditions it 
is entirely supposable that in the closing stages of galena deposition only enough hydro- 
carbons reached the ocean bottom to precipitate the relatively insoluble sulphide of lead 
and not enough to alTect the more soluble sulphides of iron and zinc. It is therefore by no 
means certwn that the common verticjil order, galena above and blende below, is entirely 
the result of secondary action. 

GEOLOGIC DISTRIBUTION. 

According to the hypothesis here outlined the ores were deposited mainly in the upper 
Platleville and the Galena strata. So far us they are found below these horizons they are 
believed to have been mainly carried down during periods of laler erosion. The conditiona 
at Dodgeville, discussed by Mr. Ellis, seem to favor the view that the ore in the glass rock 
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was derived from the Galena above. North of Dodgeville and Highland, where ores have 
been formed in the Prairie du Chien, it does not seem unlikely that their home waa originally 
in the higher formations. Elsewhere, as at New Galena and Lansing, Iowa, the ore may 
have been indigenous to Cbe Prairie du Chien. It has already been suggested that the 
amount of auch ore is amall. 

RESUME. 

The ores of this r^on are believed to represent concentrations of material originally 
disseminawd through the surrounding rocks particularly the Galena and upper Plattcville 
beds. It i3 believed that the zinc and lead onginallv present m thi crjatalhne roiks uf 
the Lake Superior district was delivered bv nvera to an espetiali> favorable portion uf 
the Ordovician coast, where in warm, ahallow waters it na-i parliallj concentrated b^ 
evaporation and waa locally precipitated in quantity The agents of precipitation were 
hydrocarbons or hydrogen sulphide, or both, denied from decailng masses of algie of a 
peculiar type irregularly accumulated within certain shallow basuia on the sea floor. The 
rising hydrocarbons continued to be effective throughout the period of deposition of the 
Galena dolomite. 

As the algEe matter became compressed the beds above broke and settled, leaving open 
spaces of peculiar form for the ultimate reception of the ore bodies. The beds were slightly 
deformed, whereby the basins were accentuated and deep joint cracks were developed. 
The area was subjected to peneplanaUon and later to gorge cutting, whereby the overiying 
shale was cut away and a vigorous underground circulation was brought about. This cir- 
culation resulted in a concentration of the disseminated material, and with the fall of 
ground-water level the ores were successively reconcentrated until the present type waa 
produced. 

ECONOMIC CONSIDERATIONS. 
GUIDES FOB PR08PECTIN0. 

Old iw>rjtin<7»,— This region has been ao thoroughly pniapected and so long under devel- 
opment that the important mineral-bearing locahties are rather delinitely known. On 
Owen's original map nearly all the sections of ground upon which ore has since been found 
are indicated as mineral lands. Amost every deposit so far located has given some surface 
indication, either by float mineral or otherwise. This is entirely in accord with the notion 
of the genesis of the deposits by concentration from the surrounding rocks throi^ shallow 
wrculationa and is an in(*resting confirmation of it, A few deposits recently found by 
drilling showed no surface indications, but all such deposits were near old lead diggings and 
are probably related in some way to deposits earlier worked. 

The surface indications of a lead deposit were so well understood by the earlier miners of 
the region that they seem to have left little for their successors to discover.' For many 
years such lead ore aa has been found has been discovered by following known deposits or 
crevices into deeper or laterally adjacent ground. It is entirely probable that a consider- 
able amount of lead ore may yet be discovered by the same methods. This work is best 
pursued by the small tributer, or leaser as be is locally called, who invests little but labor 
in his test pits and drifts along the random of the openings. The larger companies now 
ciniing into the field are not likely to find such deposits profitable, and they must base 
tneir hope of gain mainly on the large bodiea of ore below water level. 

The location of the known old diggings is shown on PI. VII, and a more detailed map will 
be found in the atlas of the older Wisconsin Geological Survey." These old divings are 
now generaUy marked by dumps, pits, and other evidences of the disturbance of the sur- 
face. It is often possible to obtain fairly accurate maps of the crevices which they fol- 
lowed. Theae crevices bear no certain relation to the pitches and flats below, but a vertical, 
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so situ&ted as to be faTor&blu to tbe Enovemflnt of underground wat^r, and henc^ exten" 
sivelj acted upon bj solution and depositions, ia apt to be paralleled through part of Its 
course by pitches equally well situated. The vertical crevice is an important factor in 
tbat it haa atTorded communication betweea the descending surface wateis and the deeper 
waters of the oil-rock horizon. 

If several vertical orevic«s are present they may throw important hgbt on the aituation 
by their relations. Crosainga of crevices are vreJl known to favor deposition of ores by 
allowing the mingling of aomewhat different aolutions. ., This is illustrated in the eastern 
part of the Rowley mine, where an interaecting quartering crevice is marked by a notable 
increase of galena. 

If mining is carried on along a vertical crevice and a pitch to the right or left is encoun- 
tered, it ia Co be expected that a corresponding pitch on the opposite aide will be found. 
There are a few apparent exceptions to this, notably the Doll and Empire mines, but it is 
on the whole probable tbat further development will show north pitches even here. 

It is not to be expected that all pitches will he equally mineralized or even that a single 
pitch will be mineralized along its whole extent. In any mine any portion of its ore may 
oi^ie wholly from a single pitch. It should be remembered, too, that a pitch does not have 
art indefinite development in a sbgle direction. It is believed that instead the two pitchea 
usually developed are only portions of a long ellipse, and that the ore body will be bounded 
by pitches loi^tudinally as well as laterally. The lateral pitches, beii^ in the course of 
the main flow of underground water, will probably be much better developed and much 
richer. 

The major importance of the old workii^ lies in the fact of the common vertical orcer 
of the deposits, lead ore above and zinc ore below. According to this the lead diggirgs 
above wa(«r level are over, or approximately over, the zinc ore bodies yet to be worked 
below that level. It can not be doubted that aa a general rule this is true, and accordingtj- 
the old workings become very valuable guides to the deposits yet to be won. It is, how- 
ever, a rule with exceptions, and, furthermore, the zinc is not always immediately below the 
old lead workings. In the secondary concentration of the ores some of the lead seems to 
have been moved considerable distances and deposited under wholly new conditjons. In 
other cases probably it waa the blende which wandered before deposition. In still other 
cases one or the other may never have been deposited. Lead sulphate and sulphide ate 
so much more insoluble in ground water than zinc sulphate and sulphide that it is quite 
possible that it would be precipitated in places and under conditions where the precipitating 
agency was too feeble to act on the zinc solutions. It is a fact of general experience that 
galena ii^ more widely distributed than blende, and this may be the explanation. Again, 
Buckley and Buehlero have ahown that there are notable differences in the action of thes» 
substances, according as they are in acid, neutral, or alkaline solutions. While, therefore, 
the field evidence indicates clearly that in the main the two substances were transported 
and deposited under the same conditions, it is not necessary to believe that this has been 
true in every case. Reasoca already have been given for believing in an originally greater 
deposition of galena in the upper beds, and it should be remembered that while the old lead 
diggings usually point to lower-lying bodies of blende the certainty of it in a particular case 
can be determined only by drilling. 

Syndinal areau. — The fact that the ore bodies are located, mamly, in syndines or bBs.in» 
seema fuLy established. The reasons for this, arising from conditions during original depo- 
sition and subsequent concentration, have already been discussed. The location of many 
of these basins is shown on the accompanying plates and on the large-scale maps of the 
Wisconsin Geolt^cal and Natural History Survey. Very little of the area has yet been 
surveyed in this detail, and in many places the data available do not allow the accurate 
drawing of contours. In all future work the depth to oil rock should be carefully noted 
and a record preserved, so as to allow the extension and revision of the maps. Not all the 
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old lead workings are known to be in basin areas, but so much of the territory is unaurveyed 
tilat no argument can be founded on that fact. So tar as present experience goes there is 
no known exception to the rule that ail the important zinc mines are located within struc- 
tural basins. 

Thick oil rock. — It has been separately pointed out that thick oil rock has not been found 
away from tha mines. Reasons have been given for believing that the reverae relation 
holds — namely, that ore deposits will not be found except in areas of thick oil rock. Since 
this is easily rec<^nized in drill cuttings, it becomes a valuable supplementary guide in 
prospecting. Tt is important to have more data on this poini in order to teat the matt«r 
thoroughly. It may be frankly stated that at present the suggestion is based largely upon 

Topographic dope. — The relations of the ore bodies to topography already have been dis- 
cussed. It is not certain that the lower lying deposits will prove to be as closely related 
to topography as those in the crevices and openings. Since, however, they are the result 
of the action of undei^round water, they should show dependence upon topography so far 
as it controls the circulation. Other things being equal — a well-developed structural basin, 
tiiick oil rock, and numerous old workings on crossing crevices— topographic slope ought 
to influence the deposition of the ore. The lower portion of the slope, a portion neither 
under the valley bottom nor yet upon the peneplain, would seem to alTord the maximum 
favorable position for the proper mingUng of the solutions. It may be noted that many 
though not all of the good mines are so situated. 

Undergroujui-imter level. — The relations of the ore deposit to the underground-water level 
determine its character and, to some extent, its type. A deposit of carbonate of sine in an 
opei)ing above water level and a deposit of blende, as honeycomb ore. below water level, are 
believed to have been originally the same thing. 

Immediately below water level the maximum favorable conditions for deposition seem 
to have obtained. It is impossible to say, however, how far below they were favorable. 
If the water level at a given point be determined by relations to overflow from th^t par- 
ticular basin, it would seem that convection cuirents would be mainly upward and there 
would be little opportunity for the oxidizing solutions to travel downward. What headway 
diffusion would make against convection is somewhat problematical, but the amount seems, 
on the whole, likely to have been small. In such situations the ore will probably be found 
to be rather sharply limited in deptli. 

Where, however, the underground-water level merely represents local excess over the 
capacity of the cavities in the rocks below to allow it to travel— where, in tact, it is stag- 
nant or moving slowly downward — there is a better opportunity for oxidizing waters to 
penetrate by convection and for oxidized salts to be carried down by diffusion. Under 
such conditions the bolt of deposition might be materially deepened. No data ar^ now 
aTailable te determine which case represents the facts in this fleld, though the basin struc- 
ture of the areas in which the deposits are found would seem to indicate the first set of 
conditions. 

METHODS OF PROSPECTING. 

Test pining. — Tlie early lead digjjings were nearly all located by test pitting. There are 
areas which have been so completely worked over in this way that there is hardly a level 
patch in the whole field. Shafting on the crevices with drifts along the openings were the 
favorite means of exploration of the upper ground. Under present conditions, where the 
oreissought below water level and at greater depth, these methods are too slow and expen- 
nve and have been generally abandoned. 

CKttmdnUuig — At present chtim diilhng is the favorite method of prospecting. As 
the depths are not great — 200 feet or less — a light rig only is needed. Gasoline enginea 
«re generally used for power, and over 100 drills are now at work in the district. Drilling 
ia done by contract at a cost of 75 cents to SI a foot and is rapid, cheap, and effect- 
ive m locating the pitches and Hats. The drillings should be carefully collected and 
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examined, us mistakes i.ra easily made. The drill holes ahuuld be put at one side of (ha 
crevire rather than on it, to allow for the spread of the pitohet^ in depth. 

Diamimd drilting,— The presence of considerable flint and of many open cavities in the 
rock haa made it diflicult and expensive to use the diamond drill. The mechanical diffi- 
culties have all been overcome, and some work has been done on contract in the region. 
The rates have been high as compared, for example, with the jou costs in southeastern 
Missouri, and opinion is divided as to whether the added certainty of results is sufficient 
to warrant the extra cost. Wheeler estimates that by using a small bit— -2 to 2J inches — 
the cost might be brought down to 75 cents from $1.50 a foot.o but this is much less than 
the work has so far cost 

METHODS OF MINING. 

Manner of opening .—The mines are generally opened by vertical shafts. In the past 
adits or levels have been used to some extent, though mainly for drainage purposes. 
The ground now being worked lies, in the main, too low to be opened except by shafts. 
The latter are generally sunk on one of the vertical crevices for economy in sinking, and 
this necessitates crosscuts from the bottom to the pitches on either side. Since the core 
between the pitches is rarely minerahaed sufficiently to warrant milling as a whole, it is » 
question whether inclined shafts meeting on one hoisting platform and following down each 
pitch would not be more economical when the conditions permit such shafts to be sunk. 
Here, ai at Joplin, it is customary to deliver from more than one shaft to a single mill, 
though many of the mines are able to furnish from one enough ore to keep the mill running. 
TTie underground work, as is usual in zinc mining, is carried on by a form of underhand 
stopii^. 

Mining is done usually with air drills, and it is customary to break down 100 tons of miS 
dirt per shift with four drills. The rock, while not hard, does not drill quickly. The dolo- 
mite crumbles down and powders or packs in the holes, so that the amount of drilling per 
man per shift is not greater, and is often less, than in regions whore much harder rock a 
encountered. 

Tramming. — ^Very little timbering is necessary, thoi^h the openings are usually lar^ 
, Tramming is done by hand. The ore is hoisted in tubs or buckets, being shoveled below 
and dumped at the crusher floor. 

Eqtiipment — Tlie plants now being built in the district generally employ steam for power, 
though gasoline is used at a number of points. The pumps are usually Cornish lift pumpi 
of cross-bead pattern, which are simple and effective down to depths of 200 feet. They 
are too light, as now built, for greater depths. The amount of water handled probably 
does not exceed 2,000 gallons per minute at any place and is usually 1,(MX) or less. It is 
found in practice that the water problem is much less serious than was expected. It is 
probable that as larger mines are opened up, better and more economical pumping plant! 
will be built. 

St«am or electric hoists are commonly employed, and many of the mines are lighted hf 
eleetridty. The buildings are substantial and are fully inclosed so as to permit uninter- 
rupted work through the cold winters. There are well-equipped machine shops and found- 
ries throughout the region, and at Galena and Flatteville there are companies which make 
a specialty of building and erecting mining and milling plants complete. 

Labor. — Most of the laborers are of Cornish or American descent and have come mainly 
from farms. There are no unions. In the mines the shift is eight hours long. Surface labor- 
ers work nine hours and mill men ten. The mines usually run two shifts and the mill one. 
Hand miners are paid from $1.50 to J2 per shift; machine men, 82.25 to S2.75;helpers,S1.75 
to *2.25; trammers, 11.60 to f2.25, except where paid by the tub; jig men, S3; en^neers, 
42.50; firemen, $2.25; common laborers, $1.30 to $1.60, The conditions of life are good, 
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with good food, wholesome surroundinga, and good 9choo]a for the childteD. Recently 
tliere has been a ahort^e of both men and houses, owing to the rapid growth of the industry. 

RnynJiifx ^ Mining ia usually done on the ieasiDg system, very few of the mining com- 
panies owning their fees. The first royality is 10 per cent, except in dry mines, where 12J 
per cent is sometimes exacl«d. In the cnse of subteasej 15 per cent or more is asked, 
depending on conditions. Royalties on lead and ^nc are the same now. Tile lead is 
leased in lots of various sizes, generaUy from 5 to 40 acres. In the towns the leases on a 
number of building lots are a^ually collected by a single company. 

Gosis. — Costs are generally estimated at St U> S1.25 per ton of mill dirt, with milling at 
25 to 35 cents per ton. In one case, where approximately 4,500 tons of concentrates had 
been sold, the average total cost wa.>i found to have been very nearly tl5 per ton of concen- 
trates. In another, where nearly 5,000 tons had been marketed, theoost had been about $17. 
These Ggw«s are very nearly accurate, though it is impossible to make them exactly so on 
account of differences In ore reserves developed, depreciation in plant, etc. The cost also 
varies notably with the amount of water to be pumped, the distance from the railway, and 
the necessity or not of roasting or magnetically treating the concentrates. In the second 
case above part of the ore was so treated. These cases represent rather typical conditions. 

METHODS OP MILLING. 

Gra^ oflfif. ore. — There are marked differences in the grade of the ore handled. The car- 
bonate ores are usually dressed to yield 20 to 40 per cent of zinc without milling. The crude 
mill dirt is rarely sampled accurately enou^ to permit correct averages to be obtained. 
In one mine, where the blende was free enough to be salable without roasting and mag- 
netic concentration while the ore of the pitches only wiis being run, the mill yield of concen- 
trates amounted to about 22 per cent. The same mine, under another management, when 
the rock between the pitches was being handled, gave a yield of 121 pcr cent. Another 
mine gave 17 per cent, and still another 20 per cent. Ail these figures must bo corrected 
to allow for losses in re-treating the concentrates to separate the blende from the iron sul- 
phide. Wheeler estimates that the crude ore will yield 4 to 8 per cent of zinc in final con- 
centrates, and thbks that careful work would bring it up to 5 or 10 per cent. These figures 
seem lo represent as fair a statement as can bo made from the data at hand. The lar^r 
figures commonly quoted cither fail to take any account of mill losses or of the ii 
phide which goes with the zinc in ordinary milling. In small works, with hand d 
much higher grades of ore only are handled. 

Hani} twrl.^At the smaller mines, particularly those producing zinc carbonate, the ore 
is hand dre)i'»d, and the finer sizes are treated on band jigs. Formerly it was customary, 
in order to reduce freight chaises, to roast the carbonate in furnaces somewhat like limekilns 
This has been generally given up, though occasionally small lots are roasted. 

Steam tpUU. — Concentrating mills of the Joplln type are now used throughout the re^on. 
(PI, XVI.) A few close-sizing mills were formerly operated, but they have all been recon- 
structed or abandoned. A 50-ton mill is usually built with a single bank of jigs; the 100- 
ton milla commonly include 3 banks with 7 cells each. In several of the mills concentrate 
ing tables are also used to re-treat the tailings. 

Ilie concentration work is rather well done. The softness of the rodi permits finer 
crushing at the same cost than is practiced in Missouri, and by the use of long jigs the ore 
is well cleaned. As is usual in such mills, the actual saving is not definitely known and 
probably varies somewhat from time to time vdth the richness of the dirt. 

Mr, Benjamin Hodge conducted a test of the Euteiprise mill while it was running on 17 
per cent dirt which indicated a saving of 86 per cent. This was based on a three days' run 
with samples of the crude ore taken at the crusher every ten minutes. It is hardly likely 
that the average saving in the district is as good. 
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Much of the ore after ordinary concentration requires re-treatraent to free it from the 
iron sulphide or "mundic" present. This is genemlly accomplished hy roasting and mag- 
netic concont ration. 

Boasting. — Tlie roaating is ordinarily dune in a rotary cylindrical furnace made of Bt«ol 
aod lined with fire brick. It has a slight pitch, so that the ore tntvels through it in two to 
three hours. From 20 to 30 Ions ot ore are handled in twenty-four hours, with a fuel con- 
sumptioD of li to 2 tons. The ore is roasted to a point when a portion of the iron is con- 
verted to the oxide, but tlie kernels of the larger pieces still show sulphur. Mr. F. II. Trego, 
•^ Platteville, has been experimenting with a lighter and simpler furnace, but it% not yet 
on the mariiet. 

Magnetic aeparation.—The roasted ore is treated on a magnetic concentrator to clean the 
blende. The usual' machine is the Cleveland-Knowles. In this type the roasted concen- 
trates are fed on a horizontal traveling belt, which carries them under two vertical revolving 
m^nets. lliesc pick up the iron and carry it to one side, wheie il is removed by scrapers. 
The current used is weak — 3 to 4 anipere.s at 110 to 220 volts. There are considerable 
mechanical losses both in the roasting and concentrating. The average results of the week's 
nin at one plant in regular work are given lielow: 

Reittilla of magnetic, conceTdration. 
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The iron product froni the magnetic machine at this time ran 4.5 to 5.6 per cent zinc. In 
certain cases ore running 60 per cent zinc and 3 per cent iron has been produced here. 

In general at this mine the crude mill dirt yields about 121 '""^ "f concentrates to 100 
tons of mill dirt, and approximately one-third to one-half the concentrates are tlirowti out 
in the iron product from the magnets. It is generally stated that the toss during roasting 
and magnetic treatment ainounts to 10 to 25 per cent of the zinc, and the cost is approximately 
12 per ton of concentrates. These recleaning plants as now built cost S8,000 to SIO,000 
and ore usually separate from the main mill. 

In this process oi treatment there is not only the loss of zinc to contend with, but the 
marcasile is a total loss. Since when clean it is salable at $3 lo S6 a ton, many attempts 
have been made to treat the ore without roasting. At the Empress mine a. Blake-Morscher 
electrostatic plant was in operation for some months in 1903 and produced some very high- 
grade concentrates. Mr, A, M. Plumb, who had charge of the plant, has given an account 
of its operation,a from which the following statement of results is taken : 

BlaJce-Morscher concentnUu. 
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The material was zinc middlings from jigs and was 6 mesh. 

Various other machines have been or are being tried, including the International and the 
Lang, In a few cases after roasting, the material is cleaned by rejigging instead of treating 
with magnets. 



ig Magasine, vol. 11, 1905, pp. 515-S19, 
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148 ZINC AND LEAD IN UPPER MISSISSIPPI VALLEY. 

This waa the meliod devised and used by W. P. Blake, who was the firat to successfully 
handle these ores, a 

^Vhile the mills now in operation are successful in that thej produce a commercial product 
from ores not otherwise merchantable, they are wasteful and expensive, and it is hoped that 
bett«r methods may be devised. 



Lead ores. — Formerly aU the lead ore was reduced in local furnaces of the Scotch hearth. 
type. 3tGh furnaces are still in operation at DodgeviUe, Galena, and Dubuque, but do not 
run steadily. The hulk of the lead ore now goes to the smelters of the St. Louis district, 
but some finds its way to Pittsburg and Chicago. The ore is very clean, running 70 to 82 
per cent lead, and is in good demand. 

Zinc-cm^xraaieores. — This ore is marketed mainly at Mineral Point,Wis., where it is used by 
the Mineral Point Zinc Company (affiliated with the New Jersey Zinc Company) to manufac- 
ture zinc white. A little is occasionally sold to the zinc smelters of the St. Louis district. 

Blende ores, — The Matthison-Hegler Zinc Company, at La Salle, 111., and the Illinois Zinc 
Company, at Peru, are the main buyers of the higher grade of zinc ores, llie lower grades 
are sold mainly to the Mineral Point Zinc Company, which is prepared to handle especially 
loW'grade ore in its plant. A small spelter plant is maintained bj the same company at 
Waukegan, III., and the New Jersey Zinc Company is just completing a very fine plant at 
Depue, m. A new zinc smelter is also being built at Danville, 111. Fonnerly the Indiana 
gas smelters drew on this field, but they have dropped out of the market. Occasionally a 
little of the ore is shipped to the Kansas-Missouri smelters and to the Collinsville and 
Sandoval, III., plants. At Galena, 111., a concentrating plant is maintained for treating the 
ores of mines not equipped with mills. A considerable business is done in retreating zinc 
concentrates high in iron and, by roasting and mimetic treatment, rising their grade. 
The Joplin scale of prices prevails in the district, with a 81 penalty per unit of iron and a 60 
per cent zinc basis. Ore is bought on assay and paid for in the car. High prices have pre- 
vailed the last few years, and the re^on has been undergoing rapid development. 

'Blake, W. P., The BepaiatioD of blende IroiB pi'ritea; a Dew metallurgical industry: Trans, Am. 
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price of- ..-..- - . . 9, 148 

production of 9, 72 

prospecllog tor 143 

source of 129-ls 

Inc and lead mines, area covered by 1-2 

area covered by, map showing Packet 

location of 1-! 

inc blende. See Blende. 



Zinc mines, descriptions of. 6-6. 71, passim 73-119 

hislary of 6-« 

location of 71 

Zinc ores, milling of 146-148 

Zinc Buipbide. See Blende. 

ZilielellaCi-pfcalia, occurrence of 21,28 

Zygospira nicolleti, occurrenoeof 21,28 
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